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ABSTRACT 
Farmers are always looking for new management practices or enhancements 
to current cropping systems that will increase corn (Zea mays L.) grain yield per unit 
area. Improved plant genetics, fertility, plant populations, row widths, tillage 
practices, and pest management are some factors farmers have evaluated to 
determine if corn responds with increased grain yield. Corn has been produced in 
0.76-m row widths for many years in North America. Much work has been done 
evaluating row width: plant population, and hybrid combinations over the years, but 
definitive answers remain elusive. Objectives of this research project were to 
compare com response in 0.38- and 0.76-m row widths, to determine if plant 
populations and hybrids respond differently as row width narrows, and to look at the 
relationship of light quality in the canopy and grain yield. These results show that 
corn response to narrowing row widths from 0.76-m to 0.38-m had varying 
responses for grain yield and grain moisture. There was a trend for more consistent 
grain yield increases for com grown in narrow rows and at higher plant populations 
in the NW region. In a given year within a region, the optimum plant populations for 
0.38- and 0.76-m row widths were not different. Row width effects on the R:FR ratio 
were significant at one sampling date in each year. There was a trend for 0.76-m 
plots to have a higher R:FR ratio compared to 0.38-m plots across sampling dates. 
At all sampling dates in 1998 and 1999, the 93 860 plant ha"1 plots had lower R:FR 
ratio measurements. The erect-leaf hybrid, P3394, had higher R:FR ratio for most 
sampling dates when compared to the horizontal leaf-type hybrids, P3376 and 
vii 
P3618 in 1998 and 1999. These data suggest that canopy light quality is different 
for those hybrids that demonstrate upright leaf architecture compared to those with 
prostrate leaf architecture. 
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CHAPTER 1 
GENERAL INTRODUCTION 
Introduction 
In 2000, corn (Zea mays L.) for grain production was grown on more than 32 
million hectares in the United States with an average yield of 8.6 Mg ha"1 and more 
than 253 million metric tons of grain was produced (NASS, 2001). Corn is a very 
important crop to farmers across North America and was produced on more 
hectares than any other crop in the United States (NASS, 2001). Farmers are 
always looking for new practices or enhancements to current cropping systems that 
will increase com grain yield per unit area, improved plant genetics, fertility, plant 
populations, row widths, tillage practices, and pest management are some 
management options farmers have considered to increase grain yield and profit. 
Over time, genetic improvement of corn hybrids for improved stress tolerance 
has likely contributed substantially to increased yields. A key result of enhanced 
stress tolerance is the adoption of higher plant populations by farmers. To further 
exploit this stress tolerance, farmers are narrowing row widths in cropping systems 
to allow for more equidistant plant spacing at even higher plant populations. More 
equidistant plant spacing, especially within rows, may reduce inter-plant competition 
for water, nutrients, and light. 
Previously reported work shows varying responses for row width, plant 
population, and hybrid combinations. The hypotheses tested in this study are that 
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more equidistant plant spacing in narrow rows will result in increased grain yields, 
that grain moistures will be similar in both row widths, that there is a higher optimum 
plant population for narrow rows, and that grain yield response for hybrids will be 
similar in both row widths. 
The first paper summarizes data from four geographic regions. Data were 
collected from 1991-1995 and 1997-1399 across 40 site-years. Specific objectives 
of this study were to 1) compare corn grain yield, grain moisture, and other 
physiological measurements in 0.38- and 0.76-m row widths, 2) determine if plant 
population x row width interactions exist for grain yield, and 3) determine if corn 
hybrids respond differently when planted in 0.38- and 0.76-m row widths. 
Plants can sense the increase in FR light caused by other plants in near 
proximity using phytochrome, even when these plants are too far away to cause a 
significant decrease in light interception (Ballare, 1999; Ballare and Casal, 2000). In 
natural ecosystems with high plant competition between multiple species, the ability 
of plants to make morphological changes in response to competition is a key 
element to a plant's success in its natural environment. In managed agricultural 
systems with high populations of one species, these morphological changes may 
reduce grain yield on an area basis. 
In the second paper, I tested the hypotheses that 0.38-m rows will have a 
higher plant canopy ratio of R:FR than a 0.76-m canopy, com hybrids with 
erectophile leaf habits will have a higher plant canopy ratio of R:FR than hybrids with 
planophile leaf habits, and the improvement in com hybrids' yielding abilities at high 
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plant populations is due to an increased ratio of R:FR in the canopy, A corn canopy 
with a more favorable R:FR ratio would produce plants with shorter internodes, 
thicker stalks, and shorter leaves. This would potentially lead to higher grain yields 
because photosynthate would be partitioned to reproductive tissue development 
instead of increased vegetative development. 
The objectives of the second paper were to determine if spectral 
characteristics of developing corn canopies are associated with yield and yield 
determining characteristics of hybrids under various row widths and plant 
populations. The experiment compared single-cross com hybrids with erectophile 
and planophile leaf habits. 
Dissertation Organization 
Chapter 1 of this dissertation contains a general introduction and a 
description of the organization of its contents. Chapter 2 is a comprehensive review 
of the literature and Chapters 3 and 4 are research papers for submission to 
scientific journals. Chapter 5 is a general summary of the findings from this research 
project. 
Literature Cited 
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CHAPTER 2 
LITERATURE REVIEW 
Introduction 
Farmers are interested in cropping systems that optimize their economic 
returns. Narrowing row widths to less than 0.76-m for corn (Zea mays L.) production 
systems continues to be of interest to farmers because of the potential to increase 
yields. Much work has been done evaluating row width, plant population, and hybrid 
combinations over the years. Duncan (1984) made the following comments about 
com: "Competition for light reduces yield on a per plant basis, and for a given plant 
population an equidistant plant spacing will be the highest yielding. Because narrow 
row widths increase the number of planted rows per unit area, at a given plant 
population narrow row widths have a greater inter-plant distance within rows, and a 
more equidistant plant spacing than wide row widths." 
Grain yield response to row width and plant population - early research 
Equidistant plant spacing increased mean grain yield of com 0.34 Mg ha"1 
(Hoff and Mederski, 1960) compared with the same stands in 1.06-m row widths. 
They also reported that grain yield differences were less at low plant populations and 
increased with increasing plant populations (19 760 to 59 280 plants ha"1). Studies 
conducted during 1959 and 1960 in Nebraska showed that drilled com increased 
grain yields by 1.08 Mg ha"1 averaged across plant populations of 29 640, 39 520, 
49 400, 59 280, and 69 160 plants ha"1 when compared with 1.0-m row widths, 
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(Colville, 1962). Colville also reported that maturity was delayed in hybrids due to 
increasing plant populations. In the short growing season of Manitoba, Canada, 
Giesbrecht (1969) found that, averaged across plant populations, com planted in 
0.50-, 0.65-, 0.80-, and 0.95-m rows had no significant effect on grain yield. 
Griesbrecht also reported that each increase in plant population (30 000, 45 000, 
60 000, and 75 000 plants ha"1) resulted in an increase in grain yield. 
Bryant and Blaser (1968) reported no significant grain yield differences when 
com was planted in 0.36-, 0.53-, 0.71-, and 0.89-m row widths in Virginia. The grain 
yields were lowest at 0.53-m row width and highest at 0.71-m row widths. They 
included an early and a late maturing hybrid in the study and reported no hybrid x 
row spacing interaction. Bryant and Blaser had plant populations of 39 500, 49 400, 
66 700, and 98 800 plants ha"1 and reported that 98 800 plants ha"1 had higher 
average yields than 39 500 plants ha"1. They also reported no hybrid x plant 
population interaction. A row width response was reported during 1967 and 1968 in 
Georgia, where corn grain yields increased significantly when planted in 0.51-m 
rows compared with 1.02-m rows (Brown et al., 1970). 
During a three year study in Ontario, Fulton (1970) showed that com grown 
under full irrigation and planted in 0.50-m row widths had greater yields than corn 
grown in 1.0-m row widths. Fulton concluded that narrow rows improve com yield 
only when soil moisture and plant population are high. 
Parental lines with horizontal leaves and erect-leaves were evaluated in a 
diallel at two row widths (0.51- and 1.02-m) and three plant populations (38 750, 
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58 270, and 77 500 plants ha"1) for two years by Russell (1972). Russell thought 
that breeders may be able to select inbreds for erect-leaf types and thus hybrids with 
erect-leaf types would allow a greater proportion of light into the canopy. If a greater 
proportion of light enters the canopy there should be an increase in photosynthesis 
and an increase in dry matter. Additional grain production may be a result of the 
increase in dry matter. There was a significant plant population x hybrid interaction 
for grain yield, hybrids in the erect-leaf type responded differently compared with 
those with prostrate-leaf type. There was no interaction detected for row width x 
hybrid or row width x plant population x hybrid. Russell concluded that breeders 
should not restrict their selection to erect-leaf type inbreds and grain yield is a 
function of many phenotypic traits in addition to leaf angle. 
Grain yield response to row width and plant population — recent research 
Corn grown in five planting patterns during 1983 in Illinois did not show 
significant grain yield differences except for a significant decrease for the 1.52-m 
twin-rows (with 0.13-m between pairs of twin-rows), (Ottman and Welch, 1989). 
Grain yields averaged 9.7 and 11.7 Mg ha"1 for the 1.52-m twin-rows and the other 
planting patterns, respectively. They concluded that wide row widths resulted in an 
increase in radiation through the canopy, but decreased total radiation interception. 
In the northern US corn belt, Westgate et al. (1997) found that row width had 
no effect on com grain yield at any plant population tested (49 000, 74 000, 99 000, 
and 124 000 plants ha"1). Westgate concluded that no significant row width x hybrid 
or row width x plant population interaction for grain yield indicates that hybrids that 
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show increased yields at high plant populations will show a similar response as row 
width narrows. 
Karlen et al. (1987) showed that a twin-row configuration had higher corn 
grain yields compared with com grown in 0.76-m row widths in South Carolina. 
Hybrid by row configuration interaction was significant for grain yield, but not for any 
other yield components. The average number of kernel rows increased for ears 
grown in twin-row configuration compared to ears grown in 0.76-m row widths. It 
was suggested that precision twin-row planting improved plant distribution, 
decreased infra-row plant competition, and resulted in improved growth, 
development, and grain yield. 
Bullock et al. (1988) compared the effect of two com hybrids in conventional 
(0.76-m row width) and equidistant plant spacing (0.38-m row width) at 69 000 plant 
ha"1, in Indiana. The equidistant plant spacing increased grain yield by 7.5% and 
4.8% for each of the hybrids evaluated. Bullock also reported that there was no 
hybrid x plant spacing interaction over the two years of the study. 
Across nine non-irrigated environments in Indiana, Nielsen (1988) reported 
that 0.38-m row widths increased com grain yields 0.25 Mg ha"1 compared with 0.76-
m row widths (averaged across 44 460, 59 280, 74 100, and 88 920 plants ha"1). 
Four of nine locations showed a significant grain yield increase for 0.38-m rows 
(Prob < 0.20). Nielsen concluded that the small increase in grain yield when 
switching from 0.76- to 0.38-m row widths was not justified under current non-
irrigated cultural practices. 
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Field experiments in Washington showed corn grain yield increases of 5.1 
and 6.8% for switching from 0.76- to 0.36-m row widths for 72 025 and 
94 534 plants ha"1, respectively (Hodges and Evans, 1990). 
At two Minnesota sites from 1992-1994, 0.25- and 0.51-m row widths had 
grain yields 7.2% greater than that in 0.76-m row widths, when averaged across 
populations of 61 750, 74 100, 86 450, and 98 800 plants ha"1 (Porter et al., 1997). 
Porter also reported that for a three year study at another Minnesota site, 0.25- and 
0.51-m row widths had 8.5% greater grain yields than a 0.76-m row, averaged 
across populations of 54 340, 66 690, and 79 040 plants ha"1, but the row width 
response was not consistent across all years. In 1993 when yields were very poor 
because of excessive rainfall, there was no yield advantage with narrow rows. 
There was no row width x hybrid interaction effect on grain yield for either set of data 
from Minnesota. 
Modarres et al. (1998) reported that corn grown in 0.38-m and paired rows 
(0.20-m between rows in a pair and 0.56-m between rows) had significantly higher 
grain yields compared with 0.76-m row widths. Corn plants grown in 0.76-m rows 
were taller, had longer intemodes, higher ear placement, and higher grain moisture 
than plants grown in 0.38-m rows. Grain yield, grain moisture, plant height, 
internode length, and ear height also showed significant increases as plant 
population increased from 65 000 to 130 000 plants ha"1. 
Johnson et al. (1998) reported lower yields as row width narrowed from 0.76-
m to 0.51-m rows from one year in Minnesota. In the second year of the study, there 
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was no grain yield difference between row widths. The same plant population was 
used for both row widths (79 072 plants ha"1). 
Thelen et al. (1999) in Michigan reported that corn planted in narrow rows 
(0.38- and 0.56-m) had a significant grain yield increase compared with 0.76-m 
rows. The three year research results showed a 0.28 and 0.20 Mg ha"1 grain yield 
advantage for 0.38- and 0.56-m row widths, respectively, compared with 0.76-m 
rows. They also reported that grain yield differences between row widths were small 
at low plant populations and were greater at the higher plant populations (target 
populations were 64 220, 74 100, 83 980, 93 860, and 103 740 plants ha"1). They 
concluded that plant population was the factor that had the most influence on grain 
yield followed by row width. 
At six locations over three years in Iowa, Famham (2001) found that com 
grown in 0.76-m row widths produced higher grain yields compared with corn grown 
in 0.38-m row widths. Famham also reported significant hybrid x row width 
interactions for two of the six hybrids evaluated. When averaged across years and 
locations, one hybrid had greater yields in 0.76-m row widths and the other hybrid 
had greater yields in 0.38-m row widths. There was no row width x plant population 
interaction for grain yield (populations were 59 000, 69 000, 79 000, and 89 000 
plants ha"1). 
Light — a plant's information source 
Light not only provides the radiant energy for photosynthesis, but also the 
informational signals that plants use to adapt to changes in the environment as they 
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grow and develop (Aphalo et al., 1999; Ballare et al., 1994). Plants detect light in 
the environment using a number of photoreceptor systems (Furuya, 1993). 
Phytochrome is the best characterized of these systems. Phytochrome acts in 
nature as a signal-transducing photoreceptor enabling the plant to acquire 
information on the light environment that may be applied to the modulation of cellular 
processes, thus allowing the plant to acclimate to its environment (Furuya, 1993; 
Quail, 1991). It has been shown to play a critical role in the light-mediated regulation 
of a wide range of growth and development processes (Ballare et al., 1994; Ballare, 
1999). Some of the biological events controlled at least in part by the phytochrome 
system are seed germination, de-etiolation of germinating seedlings, biosynthesis of 
many plastid proteins including those of the photosynthetic apparatus, control of 
shade tolerance, and time of flowering and fruit production (Smith, 1982; Furuya, 
1993). 
Phytochromes are cytosolically localized dimers composed of two ~ 125-kD 
polypeptides, each carrying a covalently-linked tetrapyrrole chromopnore in the NHz-
terminal domain and dimerization determinants in the COOH-terminal domain. 
Phytochrome absorbs principally in the red light (R)/far-red light (FR) spectral 
regions (~ 600-800 nm), (Quail, 1991; Sommer and Song, 1996). The red absorbing 
form of phytochrome (Pr) has an absorption maximum at - 665 nm and the far-red 
absorbing form of phytochrome (Pfr) has an absorption maximum at ~ 730 nm. 
Phytochrome functions at all stages of a plants life cycle, acquiring information about 
the light and providing the plant with the capacity to adapt to changes in the supply 
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of radiant energy (Smith and Whitelam, 1997; Sommer and Song, 1996). Sensing 
the R:FR ratio has been proposed as the fundamental sensory function of 
phytochrome (Smith, 1982). 
Detection of neighboring plants 
For plants that have close proximity to their neighbor, an important ecological 
function of phytochromes is the detection of changes in the light spectral quality 
caused by the closeness of these plants (Smith and Whitelam, 1997; Ballare et al., 
1997). Light reflected off plants in a competitive environment has a lower R:FR ratio 
than light above the canopy because the chlorophyll in leaves absorbs greater 
amounts of light in the red region of the spectrum than in the far-red region 
(Kasperbauer, 1971; Smith and Whitelam, 1990). Sensing of FR light reflected by 
neighboring plants allows a plant to sense competition very early in the development 
of the canopy (Ballare et al., 1987; Ballare et al., 1990), and to initiate morphological 
responses. For example, three days after transplanting and before shading among 
neighboring plants had developed, Datura ferox and Sinapis alba seedlings 
responded to plant competition by an increase in stem and petiole elongation and by 
the phototropic adjustment of branch and leaf angle (Ballare et al., 1990). The 
assimilates required to increase stem and petiole length are therefore not available 
for other plant organs, such as roots and reproductive tissue. These morphological 
changes allow a plant to project its leaf area towards openings in the canopy where 
the light is less affected by neighboring plants. Increased apical dominance, 
accelerated leaf senescence, and abortion of reproductive organs are other 
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responses that are brought about by low R:FR light ratios in plant canopies 
(Rousseaux et al., 1996; Heindl and Brun, 1983). If crop plants in planned spatial 
arrangements could eliminate these shade avoidance responses, then yields might 
be increased because of increased assimilates to reproductive and storage organs. 
The extent of morphological changes of shade-intolerant plants is likely to 
increase with an early detection of low R:FR ratios indicating a presence of 
neighboring plants (Ballare et al., 1987). In crop production systems, a plant's 
morphological response to neighboring plants may be a yield disadvantage. 
Elongation of the stem may reduce assimilate availability for other plant organs 
(leaves, roots, and seeds) and may increase susceptibility to lodging (Smith, 1992). 
In leafy vegetables, early leaf senescence might limit yield and contribute to post 
harvest losses (Gan and Amasino, 1997). This process, called shade avoidance 
syndrome, essentially consists of a redirection of resources and growth potential 
from leaf and storage organ development to increased length of stem and petiole. 
The phytochrome mediated perception of reflection signals from neighboring plants 
before shading occurs is a critical survival point in natural ecosystems, but not in 
managed crop production systems with planned plant spacing. Many plants react 
within 5 to 10 minutes of exposure to low R:FR ratios by a 3- or 4-fold acceleration of 
stem extension (Child and Smith, 1987; Smith, 1990). Unfortunately, the majority of 
crop plants are shade avoiders; these include wheat, maize, barley, oat, soybean, 
tobacco, oil-seed rape, other brassicas, sunflower, flax, sorghum, sugar cane, and 
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sugar beet. All these plants when grown in close proximity to other plants will exhibit 
some degree of shade avoidance (Smith, 1992). 
Morphological responses to the R:FR ratio 
Flower and pod abortion were reduced when the lower portion of a soybean 
canopy was exposed to supplemental R light (Heindl and Brun, 1983). This 
indicates that it may be possible to reduce reproductive abscission and increase 
grain yield if the R:FR ratio can be altered. 
In a field study to evaluate the relationship among plant spacing in com 
seedlings, Kasperbauer and Karlen (1994) found that green leaves absorbed most 
of the R light and reflected much of the FR light. Close-spaced plants received more 
reflected FR and lower R:FR ratios. Seedlings developed longer and narrower 
leaves, longer stems, and less root mass when in an environment that had a lower 
R:FR ratio. 
Tobacco plants displayed increased stem elongation and specific leaf area 
when exposed to additional FR light in a controlled environment (Ballare et al., 
1994). They also reported that transgenic tobacco plants overexpressing an oat 
phytochrome gene showed little or no morphological response when exposed to a 
similar environment when compared to wild-type plants. 
Kasperbauer (1987) found that green soybean leaves absorbed large 
amounts of R light and small amounts of FR light. Their data showed that R:FR ratio 
received by plants is impacted by the nearness of other competing plants and time 
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of day (solar angle). Soybean plants that received a high R:FR ratio light source at 
the end of the day had shorter intemodes and initiated axillary shoots. 
Low R:FR conditions resulted in delayed flowering for soybean (Coberetal., 
1996). They suggested that long day, low R.FR conditions may simply elicit more 
extreme photoperiodic responses, i.e., earlier flowering in long-day plants and 
delayed flowering in short-day plants. 
Madonni et al. (2001) found no com hybrid x plant population or hybrid x row 
spacing interaction for leaf width, leaf length, individual leaf area, and plant leaf area. 
Increasing plant population caused an increase in leaf angle and a decrease in both 
leaf width and leaf length. Decreasing row width increased leaf length only. 
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CHAPTER 3 
ROW WIDTH, PLANT POPULATION AND CORN (Zea mays L.) 
HYBRID EFFECTS ON GRAIN YIELD, GRAIN MOISTURE, AND 
PLANT TRAITS 
A paper to be submitted to Agronomy Journal 
S. R. Paszkiewicz, T. C. Kaspar, D. E. Famham, and D. L. Karlen 
Introduction 
Farmers are interested in cropping systems that optimize their economic 
returns. Narrowing row widths to less than 0.76 m for com (Zea mays L.) production 
continues to be of interest to farmers because of its potential to increase yield. 
Much work has been done evaluating row width, plant population, and hybrid 
combinations over the years. Duncan (1984) made the following comments about 
com: "Competition for light reduces yield on a per plant basis, and for a given plant 
population an equidistant plant spacing will be the highest yielding. Because narrow 
row widths increase the number of planted rows per unit area, at a given plant 
population narrow row widths have a greater inter-plant distance within rows, and a 
more equidistant plant spacing than wide row widths." 
Equidistant plant spacing increased mean grain yield of com 0.34 Mg ha"1 
(Hoff and Mederski, 1960) compared to the same stands in 1.06-m row widths. 
They also reported that grain yield differences were less at low plant populations and 
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increased with increasing plant populations (19 760 to 59 280 plants ha"1). Studies 
conducted during 1959 and 1960 in Nebraska showed that drilled corn increased 
grain yields by 1.08 Mg ha"1 averaged across plant populations of 29 640, 39 520, 
49 400, 59 280, and 69 160 plants ha"1 when compared with 1.0-m row widths, 
(Colville, 1962). Colville also reported that maturity was delayed in hybrids due to 
increasing plant populations. In the short growing season of Manitoba, Canada, 
Giesbrecht (1969) found that, averaged across plant populations, com planted in 
0.50-, 0.65-, 0.80-, and 0.95-m rows had no significant effect on grain yield. 
Griesbrecht also reported that each increase in plant population (30 000, 45 000, 
60 000, and 75 000 plants ha"1) resulted in an increase in grain yield. 
Bryant and Blaser (1968) reported no significant grain yield differences when 
corn was planted in 0.36-, 0.53-, 0.71-, and 0.89-m row widths in Virginia. The grain 
yields were lowest at 0.53-m row widths and highest at 0.71-m row widths. They 
included an early and a late maturing hybrid in the study and reported no hybrid x 
row spacing interaction. Bryant and Blaser had plant populations of 39 500, 49 400, 
66 700, and 98 800 plants ha"1 and reported that 98 800 plants ha"1 had higher 
average yields than 39 500 plants ha"1. They also reported no hybrid x plant 
population interaction. A row width response was reported during 1967 and 1968 in 
Georgia; com grain yields increased significantly when planted in 0.51-m rows 
compared with 1.02-m rows (Brown et al., 1970). 
During a three year study in Ontario, Fulton (1970) showed that com grown 
under full irrigation and planted in 0.50-m row widths had greater yields than those 
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grown in 1,0-m row widths. Fulton concluded that narrow rows improve com yield 
only when soil moisture and plant population are high. 
Parental lines with horizontal leaves and erect-leaves were evaluated in a 
diallel at two row widths (0.51- and 1.02-m) and three plant populations (38 750, 
58 270, and 77 500 plants ha"1) for two years by Russell (1972). Russell thought 
that breeders may be able to select inbreds for erect-leaf types and thus hybrids with 
erect-leaf types would allow a greater proportion of light into the canopy. If a greater 
proportion of light enters the canopy there should be an increase in photosynthesis 
and an increase in dry matter. Additional grain production may be a result of the 
increase in dry matter. There was a significant plant population x hybrid interaction 
for grain yield, hybrids in the erect-leaf type responded differently compared to those 
with flat-leaf type. There was no interaction detected for row width x hybrid or row 
width x plant population x hybrid. Russell concluded that breeders should not 
restrict their selection to erect-leaf type inbreds and grain yield is a function of many 
phenotypic traits in addition to leaf angle. 
Com grown in five planting patterns during 1983 in Illinois did not show 
significant grain yield differences except for a significant decrease for the 1,52-m 
twin-rows (with 0.13-m between pairs of twin-rows), (Ottman and Welch, 1989). 
Grain yields averaged 9.7 and 11.7 Mg ha"1 for the 1.52-m twin-rows and the other 
planting patterns, respectively. They concluded that wide row widths resulted in an 
increase in radiation through the canopy, but decreased total radiation interception. 
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In the northern US Corn Belt, Westgate et al. (1997) found that row width had 
no effect on com grain yield at any plant population tested (49 000, 74 000, 99 000, 
and 124 000 plants ha"1). Westgate concluded that no significant row width x hybrid 
or row width x plant population interaction for grain yield indicates that hybrids that 
show increased yields at high plant populations will show a similar response as row 
width narrows. 
Karlen et al. (1987) showed that a twin-row configuration had higher corn 
grain yields compared with corn grown in 0.76-m row widths in South Carolina. 
Hybrid by row configuration interaction was significant for grain yield, but not for any 
other yield components. The average number of kernel rows increased for ears 
grown in twin-row configuration compared with ears grown in 0.76-m row widths. It 
was suggested that precision twin-row planting improved plant distribution, 
decreased intra-row plant competition, and resulted in improved growth, 
development, and grain yield. 
Bullock et al. (1988) compared the effect of two corn hybrids in conventional 
(0.76-m row width) and equidistant plant spacing (0.38-m row width) at 69 000 plant 
ha"1, in Indiana. The equidistant plant spacing increased grain yield by 7.5% and 
4.8% for each of the hybrids evaluated. Bullock also reported that there was no 
hybrid x plant spacing interaction over the two years of the study. 
Across nine non-irrigated environments in Indiana, Nielsen (1988) reported 
that 0.38-m row widths increased com grain yields 0.25 Mg ha"1 compared with 0.76-
m row widths (averaged across 44 460, 59 280, 74 100, and 88 920 plants ha"1). 
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Four of nine locations showed a significant grain yield increase for 0.38-m rows 
(Prob < 0.20). Nielsen concluded that the small increase in grain yield when 
switching from 0.76- to 0.38-m row widths was not justified under current non-
irrigated cultural practices. 
Field experiments in Washington with com showed grain yield increases of 
5.1 and 6.8% for switching from 0.76- to 0.36-m row widths for 72 025 and 
94 534 plants ha"1, respectively (Hodges and Evans, 1990). 
At two sites from 1992-1994 in Minnesota, 0.25- and 0.51-m row widths had 
grain yields 7.2% greater than that in 0.76-m row widths, averaged across 
populations of 61 750, 74 100, 86 450, and 98 800 plants ha"1 (Porter et al., 1997). 
Porter also reported that in a three year study at another Minnesota site, 0.25- and 
0.51-m row widths had 8.5% greater grain yields than a 0.76-m row, when averaged 
across populations of 54 340, 66 690, and 79 040 plants ha"1, but the row width 
response was not consistent across all years. In 1993 when yields were very poor 
because of excessive rainfall, there was no yield advantage with narrow rows. 
There was no row width x hybrid interaction effect on grain yield for either set of data 
from Minnesota. 
Modarres et al. (1998) reported that com grown in 0.38-m and paired rows 
(0.20-m between rows in a pair and 0.56-m between rows) had significantly higher 
grain yields compared with 0.76-m row widths. Com plants grown in 0.76-m rows 
were taller, had longer internodes, higher ear placement, and higher grain moisture 
than plants grown in 0.38-m rows. Grain yield, grain moisture, plant height, 
25 
internode length, and ear height also showed significant increases as plant 
population increased from 65 000 to 130 000 plants ha"1. 
Johnson et al. (1998) reported lower yields as row width narrowed from 
0.76-m to 0.51-m rows from one year in Minnesota. In the second year of the study 
there was no grain yield difference between row widths. The same plant population 
was used for both row widths (79 072 plants ha"1). 
Thelen et al. (1999) in Michigan reported that com planted in narrow rows 
(0.38- and 0.56-m) had a significant grain yield increase compared with 0.76-m 
rows. The three year research results showed a 0.28 and 0.20 Mg ha"1 grain yield 
advantage for 0.38- and 0.56-m row widths, respectively, compared with 0.76-m 
rows. They also reported that grain yield differences between row widths were small 
at low plant populations and were greater at the higher plant populations (target 
populations were 64 220, 74 100, 83 980, 93 860, and 103 740 plants ha"1). They 
concluded that plant population was the factor that had the most influence on grain 
yield followed by row width. 
At six locations over three years in Iowa, Farnham (2001) found that com 
grown in 0.76-m row widths produced higher grain yields compared with corn grown 
in 0.38-m row widths. Famham also reported significant hybrid x row width 
interactions for two of the six hybrids evaluated. When averaged across years and 
locations, one hybrid had greater yields in 0.76-m row widths and the other hybrid 
had greater yields in 0.38-m row widths. There was no row width x plant population 
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interaction for grain yield (populations were 59 000, 69 000, 79 000, and 89 000 
plants ha"1). 
Previously reported work shows varying responses for row width, plant 
population, and hybrid combinations. The hypotheses tested in this study are that 
more equidistant plant spacing in narrow rows will result in increased grain yields, 
that grain moistures will be similar in both row widths, that there is a higher optimum 
plant population for narrow rows, and that grain yield response for hybrids will be 
similar in both row widths. 
This paper summarizes data from four geographic regions. Data were 
collected from 1991-1995 and 1997-1999 across 40 site-years. Specific objectives 
of this study were to 1) compare com grain yield, grain moisture, and other 
physiological measurements in 0.38- and 0.76-m row widths, 2) determine if plant 
population x row width interactions exist for grain yield, and 3) determine if com 
hybrids respond differently when planted in 0.38- and 0.76-m row widths. 
Materials and Methods 
Field research was conducted from 1991-1999 at 40 site-year locations 
across North America. Geographic coordinates (latitude and longitude) for all 
locations are shown in Table 1. The locations are sorted from north to south 
(latitude). Site-year, row width, plant population, hybrid, and planting equipment 
information are shown in Tables 2 and 3. Each site-year was assigned to a region 
for analysis purposes (Table 1). Although the experimental design varied slightly by 
27 
site-year, all locations had row width, plant population, and hybrid as treatments. 
The experimental design for each site-year is listed in Table 3. The size of sub-sub 
plots at each location was seven 0.38-m rows, or four 0.76-m rows by 4.55-m long. 
Data were collected from rows three through five in the 0.38-m plots, and rows two 
and three in the 0.76-m plots. 
Conventional cultural practices were followed in establishing the plots for 
each site-year. Nitrogen, P, and K fertilizers were applied according to yield 
potentials and soil test levels (P and K). Tillage practices varied among site-year, 
but were considered to be a conservation tillage system. Pre-emergence herbicides 
were used and plots were not cultivated. All plots were overplanted and thinned to 
the desired plant density at V3-V4 growth stage (Ritchie et al., 1986). Pioneer 
Brand1 (Johnston, IA) com hybrids were included in the experiments and are listed 
in Table 2. 
Planting and harvest dates varied according to seasonal conditions at each site-year 
(see Table 3). In general, planting occurred between late April and late May, and 
harvest occurred between mid-September and late October. Planting equipment is 
shown in Table 3 and will be described here. The drill was a modified John-Deere 
(Moline, IL) 750 no-till drill. The 0.38-m planter used from 1997-1999 was a seven-
1 Reference to a trade or company name is for specific information only and does not 
imply approval or recommendation of the company or product by the USDA or Iowa 
State University to the exclusion of others that may be suitable. 
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row Kinze (Williamsburg, IA) research planter, which was also used for 0.76-m rows. 
There was no wheel traffic in any of the harvest rows, either before or after planting. 
Grain yields were determined by harvesting rows three through five in the 
0.38-m plots and rows two and three in the 0.76-m plots with a K2 Gleaner (Duluth, 
GA) combine. Plot weight and grain moisture were determined by load cells and 
capacitance moisture meters, respectively, on the plot combine. Grain yields were 
adjusted to moisture content of 155 g kg"1. 
Ear height, plant height, stalk lodging, root lodging, barren plants, and 
harvestable ears per plant were recorded at some sites throughout the nine years of 
the study. Ear height was measured from the soil surface to the node at which the 
highest ear attached to the stalk. Plant height was measured from the soil surface to 
the tip of the tassel. A plant was considered stalk lodged if the stalk was broken or 
crimped between the ear and the ground. A plant was considered root lodged when 
it leaned from its vertical axis at greater than approximately 30 degrees. A plant was 
considered barren if it had no ear or if the ear had less than 7 cm of filled grain. A 
plant had a harvestable ear or ears if the ear had greater than 7 cm of filled grain. 
Data were analyzed using the general linear model (GLM) procedure of SAS 
(1989). Mean separation was made for all analyses by computing LSD (0.10) values 
only if the GLM F-test showed a significant treatment difference (P < 0.10). Row 
width and hybrids were considered fixed effects while all other effects were random 
in determining the expected mean squares and appropriate F-tests in the combined 
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analysis. Data from locations within each region (see Table 1) were analyzed by 
year. All locations within a region and year had the same hybrids, row widths, and 
plant populations evaluated. A combined site-year within region analysis was used 
to determine whether the effect of row widths were significantly different by region. 
Regression analysis was also performed with SAS, using mean values for 
environment x row width x plant population. Linear or quadratic equations were 
selected based upon the significance (P< 0.10) of the regression coefficients. 
Results 
Data from this study were grouped into four geographic regions for data 
analysis and discussion purposes. It was the intent to group the site-years into 
regions that were similar for hybrid maturity, cultural practices, and other 
environmental factors. The interpretation of the data was confounded by changes in 
plant populations and hybrids between years. As a result, analyses were conducted 
separately by year within region and results will be presented in that manner. 
North-West region 
The North-West (NW) region included 14 site-years in Minnesota and South 
Dakota from 1991-1995 and 1997-1999. Year mean grain yield for 0.38- and 0.76-m 
row widths ranged from 3.99 to 11.19 and 3.87 to 10.88 Mg ha"1, respectively (Table 
4). Row width had a significant influence on grain yield during six of the eight years 
(Table 5). The 0.38-m row width outyielded the 0.76-m row widths in those six 
years. The greatest percent change for 0.38- compared with 0.76-m row widths was 
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8.1% in 1992, where grain yield levels were 8.98 and 8.31 Mg ha"1 for 0.38- and 
0.76-m row widths, respectively. The lowest percent change for 0.38- compared 
with 0.76-m row widths, that was statistically significant (P< 0.10), was 2.8% in 1999, 
where grain yield levels were 11.19 and 10.88 Mg ha"1 for 0.38- and 0.76-m row 
widths, respectively. 
Plant population levels varied among years in the NW region (Table 2). One 
objective of the study was to determine if the optimum plant population was different 
for 0.38- and 0.76-m row widths. Plant population levels were increased during the 
study, because there had been no interaction between plant population and row 
width during the early years. In 1991 (first year of the study), the plant population 
levels were 44 460, 64 220, and 79 040 plants ha"1 and the 1999 plant population 
levels were 64 220, 79 040, and 93 860 plants ha"1. There was a significant plant 
population response for grain yield in five of the eight years. The highest plant 
population did not always result in the maximum grain yield (Table 4). Row widths 
responded similarly to plant population as the row width x plant population 
interaction was not significant for any of the years. 
The same hybrids were planted at all sites within a year, but varied among 
years. Hybrids were chosen to include the highest yielding adapted genetics for the 
region. Hybrid was significant for six of the eight years in the NW region (Table 5). 
The analysis showed that the row width x hybrid interaction was not significant for 
six of the eight years tested. In the two years that showed a significant interaction 
the hybrids that responded to narrow rows were not consistent. This suggests that 
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for most cases, hybrids normally grown in 0.76-m row cropping systems can be used 
successfully in 0.38-m row systems. 
In the NW region, grain moisture content was not affected by row width in any 
year of the study (Table 6). Grain moisture increased as plant populations increased 
from 74 100 to 88 920 plants ha-1 (Table 7). Hybrid had significant grain moisture 
responses for six of the eight years in the NW region. This was expected due to the 
range of maturity of hybrids included in the study. The row width x hybrid interaction 
was significant for grain moisture in four of the eight years. The same hybrids did 
not respond to row width in the same way in all four years and there was not a 
consistent trend for early maturity hybrids to respond to row width differently than 
late maturity hybrids. 
The mean grain yield across all site-years for the NW region was 9.89 and 
9.46 Mg ha"1 for the 0.38- and 0.76-m row widths, respectively (Table 8). This result 
was a 4.5% increase in grain yield for the 0.38-m row width, which was statistically 
significant (P< 0.01). The percentage change in grain yield between the two row 
widths for individual site-years ranged from 0 to 7.7% over the 14 site-years. There 
was not a consistent trend for lower yielding site-years to have a smaller percentage 
change and the higher yielding site-years to have a greater percentage change for 
the two row widths. Two site-years with high grain yields, 10.03 and 11.52 Mg ha"1, 
had the smallest percentage changes in grain yield between the two row widths, 0 
and 1.8%, respectively. Two other site-years with low grain yields, 3.93 and 6.52 Mg 
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ha"1 had moderate to high percentage changes in grain yield between row widths, 
3.1 and 5.8%, respectively. 
Averaged across all site-years, there was no difference in grain moisture in 
the NW region (Table 9). The percentage change in grain moisture comparing the 
two row widths at an individual site-year ranged from -4.7 to 4.5% over the 14 site-
years. At two locations in Canada, Modarres et al. (1998), found that grain moisture 
content was lower in 0.38-m rows than in 0.76-m rows 
Central-West region 
The Central-West (CW) region included 12 site-years in Iowa and Nebraska 
from 1992-1995 and 1997-1999. Year mean grain yields for 0.38- and 0.76-m row 
widths ranged from 9.03 to 13.61 and 8.67 to 13.28 Mg ha"1, respectively (Table 10). 
Row width had a significant influence on grain yield during three of the seven years 
(Table 11). The 0.38-m row width outyielded the 0.76-m row width in each of those 
three years. The greatest percentage change for 0.38- compared to 0.76-m row 
widths was 11.7% in 1999, where grain yield levels were 12.39 and 11.10 Mg ha"1 
for 0.38- and 0.76-m row widths, respectively. The lowest percentage change for 
0.38- compared to 0.76-m row widths, that was statistically significant (P< 0.05), was 
2.8% in 1998, where grain yield levels were 10.41 and 10.13 Mg ha1 for 0.38- and 
0.76-m row widths, respectively. 
Plant population levels varied among years in the CW region (Table 2). Plant 
population levels were increased during the study, because there had been no 
interaction between plant population and row width during the early years. In 1992, 
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the plant population levels were 64 220 and 83 980 plants ha"1, while in 1999 the 
levels were 74 100, 88 920, and 103 740 plants ha"1. There was a significant plant 
population response for grain yield for five of the seven years. The high plant 
population resulted in the greatest grain yields in three of the five years where there 
was significant plant population response (Table 11). Row widths responded 
similarly to plant population levels as the row width x plant population interaction 
term was not significant for any of the years in the CW region. 
The same hybrids were planted at all sites within a year, but varied among 
years. Again, hybrids were chosen to include the highest yielding-adapted genetics 
for the region. Hybrid was significant at six of the seven years in the CW region. 
The row width x hybrid interaction term was significant in only one year (1992) of the 
seven years. In 1992, two hybrids had higher yields in 0.38-m rows and two hybrids 
had higher yields in 0.76-m rows. For the most part, hybrids included in this study 
responded similarly in 0.38- and 0.76-m row widths. 
In the CW region, grain moisture response for row width was significant in 
three of the seven years (Table 12). In 1993, grain moisture content (Table 13) was 
236 and 241 g kg"1 for 0.38- and 0.76-m row widths, respectively (P< 0.01). The 
1995 grain moistures were 254 and 244 g kg"1 for 0.38- and 0.76-m row widths, 
respectively (P< 0.01). Grain moistures in 1997 were 159 and 162 g kg"1 for 0.38-
and 0.76-m row widths, respectively (P< 0.10). In the three years where grain 
moisture was significant, narrow rows did not consistently increase grain moisture. 
Hybrid had a significant grain moisture response for six of the seven years in the CW 
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region. Maturity differences of hybrids included in the study would account for this 
response. The row width x hybrid interaction was significant for grain moisture in two 
of the seven years. As in the NW region, the row width x hybrid interaction was not 
consistent across the two years and there was not a consistent trend for early 
maturity hybrids to respond to row width differently than late maturity hybrids. 
The mean grain yield for all site-years in the CW region was 10.08 and 9.62 
Mg ha"1 for the 0.38- and 0.76-m row widths, respectively (Table 14). The result was 
a 4.8% increase in grain yield for the 0.38-m row widths and this was statistically 
significant (P< 0.01). The percentage change in grain yield between the two row 
widths at individual site-years ranged from —5.5 to +11.7% over the 12 site-years. 
There was not a consistent trend for lower yielding site-years to have a smaller 
percentage change and the higher yielding site-years to have a greater percentage 
change for the two row widths. The Atlantic, IA location in 1997, however, had the 
lowest mean grain yield, 6.23 Mg ha"1 and was the only site-year where the 0.76-m 
row width had higher grain yields than the 0.38-m row width. 
The mean grain moisture, did not differ between the 0.38- and 0.76-m row 
widths averaged across all site-years in the CW region (Table 15). The percentage 
change ranged from -2.5 to +3.7% across the 12 site-years. 
North-East region 
The North-East (NE) region included eight site-years in Michigan, Wisconsin 
and Ontario, Canada from 1997-1999. Year mean grain yield for 0.38- and 0.76-m 
row widths ranged from 8.98 to 10.12 Mg ha"1 and 9.27 to 10.12 Mg ha"1, 
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respectively (Table 16). Row width had a significant influence on grain yield during 
one of the three years (Table 17). In the NE region, the 1998 grain yield response 
was greater for the 0.76-m row widths (9.27 Mg ha"1) than for the 0.38-m row widths 
(8.98 Mg ha"1). This was the only year where row width had a statistically significant 
response in this region. The 0.76-m row width had a 3.2% grain yield increase over 
the 0.38-m row width (P< 0.01). This is in contrast to the response in NW and CW 
regions where 0.38-m row widths had greater yields than the 0.76-m row widths. 
Plant population levels were consistent among site-years in the NE region 
(Table 2). The plant population levels were 64 220, 79 040 and 93 860 plants ha"1. 
There was a significant plant population response in 1998 (P< 0.10), for which the 
79 040 plants ha"1 treatment had the greatest yield (Table 17). There was no 
significant row width x plant population interaction for any of the three years in the 
NE region. 
The same hybrids were planted at all sites within a year, but varied among 
years. Hybrid was significant for each of the three years of the study in the NE 
region. There was no significant interaction for either row width x hybrid or plant 
population x hybrid. Thus, hybrids responded similarly across 0.38- and 0.76-m row 
widths and 64 220, 79 040, and 93 860 plants ha"1 population levels. 
In the NE region, grain moisture response for row width was significant for 
two of the three years (Table 18). In 1998, grain moisture was 221 and 217 g kg"1 
for 0.38- and 0.76-m row widths, respectively (P< 0.05). Grain moisture in 1999 was 
218 and 222 g kg"1 for 0.38- and 0.76-m row widths, respectively (P< 0.05). The 
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0.38-m row width did not have a consistent effect on grain moisture for the NE 
region across the three years (Table 19). Hybrid had a significant grain moisture 
response for two of three years in the NE region. Maturity differences of hybrids 
included in the study would account for this response. The row width x hybrid 
interaction was significant for grain moisture in two of the three years. As reported 
for other regions, the hybrid response to row width was not consistent and there was 
not a consistent trend for early maturity hybrids to respond to row width differently 
than late maturity hybrids. 
The mean grain yield for all site-years in the NE region was 9.69 and 9.75 Mg 
ha"1 for the 0.38- and 0.76-m row widths, respectively (Table 20). This was a 0.6% 
decrease for the 0.38-m row width compared to the 0.76-m row width and was not 
statistically significant. The percentage change in grain yield comparing the two row 
widths at an individual site-year ranged from -5.9 to +4.5 % over the eight site-
years. There was not a consistent trend for lower or higher yielding site-years to 
have one row width consistently out perform the other. 
The mean grain moisture was not statistically different for the 0.38- and 0.76-
m row widths across eight site-years in the NE region (Table 21). The percentage 
change ranged from -3.4 to +4.0% and row width did not have a consistent effect on 
grain moisture. 
Central-East region 
The Central-East (CE) region included six site-years in Illinois, Indiana, and 
Ohio from 1997-1999. Year mean grain yield for 0.38- and 0.76-m row widths 
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ranged from 9.00 to 10.87 and 8.82 to 10.46 Mg ha"1, respectively (Table 22). Row 
width had a significant influence on grain yield during two of the three years (Table 
23). The 0.38-m row width had greater yields than the 0.76-m row widths in each of 
those two years. The greatest percentage change for 0.38- compared with 0.76-m 
row widths was 5.0% in 1997, where grain yield levels were 9.26 and 8.82 Mg ha"1 
for 0.38- and 0.76-m row widths, respectively. 
Plant population levels changed during the course of the study in the CE 
region (Table 2). Plant population levels were 64 220, 79 040, and 93 860 plants 
ha"1 in 1997 and 1998. They were increased to 74 100, 88 920, and 103 740 plants 
ha"1 in 1999. There was a significant plant population response to grain yield in 
1997 (P< 0.10) and 1999 (P< 0.05) (Table 22). The plant population level with the 
highest grain yield was 64 220 and 88 920 plants ha"1 in 1997 and 1999, 
respectively (Table 23). The 0.38- and 0.76-m row widths responded similarly to 
plant population, as the row width x plant population interaction term was not 
significant for any of the years in the CE region. 
The same hybrids were planted at all sites within a year, but varied among 
years. Hybrids responded similarly to row width for two of the three years. There 
was a significant row width x hybrid interaction for in 1999 (P< 0.05). In 1999, five 
hybrids had higher grain yields in 0.38-m rows and three hybrids had higher grain 
yields in 0.76-m rows. 
In the CE region (Table 24), row spacing effect was significant for grain 
moisture in 1998 (P< 0.05), but the difference was only 2 g kg"1 (204 and 206 g kg"1 
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for 0.38- and 0.76-m row widths, respectively) (Table 25). Grain moisture was not 
significantly different for plant populations for any year in the CE region. Hybrid had 
significant grain moisture response in 1998 (P< 0.10). Row width x plant population 
was significant for grain moisture. Grain moisture was similar across populations of 
74 100, 88 920, and 103 740 plants ha"1 in 0.38-m rows, but showed a slight 
increase across those same populations in 0.76-m rows. There was a significant 
row width x hybrid interaction in 1999, where seven hybrids had higher grain 
moisture in 0.38-m rows and one hybrid had higher grain moisture in 0.76-m rows. 
The mean grain yield across all site-years for the CE region was 9.69 and 
9.51 Mg ha"1 for the 0.38- and 0.76-m row widths, respectively (Table 26). The 
result was a 1.9% increase in grain yield for the 0.38-m row widths; this was not 
statistically significant. The percentage change in grain yield between the two row 
widths at an individual site-year ranged from -2.4 to +7.5% over the six site-years. 
There was not a consistent trend for lower yielding site-years to have a smaller 
percentage change and the higher yielding site-years to have a greater percentage 
change for the two row widths in the CE region. 
The mean grain moisture was not statistically significant for the 0.38- and 
0.78-m row widths across all site-years in the CE region (Table 27). The percentage 
change range was —2.4 to +0.4% for 0.38-m row widths compared to 0.76-m row 
widths across the six site-years. 
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Regression analysis for grain yield 
Percentage of mean grain yield was calculated for each row width x plant 
population combination at each site-year in the NW, CW, NE, and CE regions. This 
was done in an attempt to normalize the data across the wide range of grain yield 
levels. 
The average percentage of site-year mean grain yields for the 14 site-years in 
the NW region were 102.1 and 97.9% for the 0.38- and 0.76-m row widths, 
respectively. There was a significant quadratic response for percentage of site-year 
mean grain yield across plant populations for 0.38- and 0.76-m row widths (Figure 
1). The 0.38-m row widths had higher percentage of site-year mean grain yields 
compared with 0.76-m row widths across plant population levels of 44 460 to 93 860 
plants ha"1. The 0.38-m row width optimized percentage of site-year mean grain 
yield at a higher plant population level than the 0.76-m row width. The optimum 
plant populations were 93 860 and 82 992 for 0.38- and 0.76-m row widths, 
respectively. 
The average percentage of site-year mean grain yields for the 11 site-years in 
the CW region were 101.4 and 98.6% for the 0.38- and 0.76-m row widths, 
respectively. There was a significant quadratic response for percentage of site-year 
mean grain yield across plant populations for each row width (Figure 2). The 0.38-m 
row width had a higher percentage of site-year mean grain yield compared to 0.76-m 
row widths across plant population levels of 64 220 to 93 860 plants ha"1. The 
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optimum plant populations were 76 323 and 77 311 for 0.38- and 0.76-m row widths, 
respectively. 
The percentage of site-year mean grain yields for the eight site-years in the 
NE region were 99.8 and 100.2% for the 0.38- and 0.76-m row widths, respectively. 
Regression analysis showed a significant quadratic response for the 0.76-m row 
width, but the regression for 0.38-m row width was not significant (Figure 3). The 
0.38- and 0.76-m row widths had a similar response for percentage of site-year 
mean grain yields for plant populations from 64 220 to 93 860 plants ha"1. The 
optimum plant population was 81 510 for 0.76-m row width, there was no difference 
among plant populations for 0.38-m row width. 
In the CE, the percentage of site-year mean grain yields for the six site-years 
were 100.9 and 99.1% for the 0.38- and 0.76-m row widths, respectively. The 
regression analysis was not significant for either 0.38- or 0.76-m row widths in the 
CE region for plant populations from 64 220 to 103 740 plants ha"1 (Figure 4). 
Multiple year summary from NW region 
Data from 1997, 1998 and 1999 from all site-years in the NW region were 
combined and subjected to analysis of variance. At those site-years, row widths and 
plant populations were the same, but not hybrids. Table 28 shows the results of the 
analysis of variance for grain yield, grain moisture, barren plants, ear height, plant 
height, stalk lodging. Row width influenced grain yield at these combined site-years. 
The 0.38-m row widths (10.77 Mg ha"1) outyielded the 0.76-m row widths (10.31 Mg 
ha"1) by 4.5% and this response was significant (P< 0.01). The plant population 
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response was significant (P< 0.01) with the highest plant population (93 860 plants 
ha"1) having the greatest grain yield. Hybrids were not the same at all site-years, so 
HYBRID(ENV) was used in the analysis of variance to test the hybrid source of 
variation. Hybrid was significant for grain yield, this is expected because longer 
maturity hybrids generally produce higher yields (Dwyer et al., 1994). 
Row width did have an effect on grain moisture over this three year summary. 
The 0.76-m row width (198 g kg"1) had slightly higher grain moisture content than the 
0.38-m row widths (195 g kg"1), but the difference is very small and not of practical 
importance. Grain moisture at harvest increased, 194 g kg"1 to 198 g kg"1 as plant 
population increased from 64 220 plants ha"1 to 93 860 plants ha"1, respectively. 
Hybrid was significant for grain moisture, because longer maturity hybrids usually 
have higher grain moistures (Dwyer et al., 1994). 
The 0.76-m row width resulted in significantly (P< 0.10) taller plants (2.79-m) 
compared to the 0.38-m row width (2.76-m) plots. 
Discussion 
Researchers have hypothesized as to why corn may respond with higher 
grain yields in narrow rows or equidistant plant spacing. In narrow rows, plants 
within rows are more widely spaced which decreases intrarow plant competition 
(Karlen et. al., 1987). Also the potential fora more uniform distribution of light in 
narrow rows may reduce the potential for upper leaves to become radiation 
saturated, and for lower leaves to be radiation deprived (Ottman and Welch, 1989). 
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Lastly, more uniform root distribution in narrow rows may reduce competition for 
water and nutrients (Duncan, 1984). 
These results show that com response to narrowing row widths from 0.76-m 
to 0.38-m has inconsistent responses for grain yield and grain moisture. Initially, I 
hypothesized that more equidistant plant spacing in narrow rows would result in 
increased grain yields. There is a trend for more consistent grain yield increases for 
com grown in narrow rows and at higher plant populations in the NW region. Porter 
et al. (1997) showed similar results with narrow rows, except in one year where yield 
levels were limited by climatic conditions. Increased grain yields were also reported 
in the central Com Belt for 0.38-m row widths compared to 0.76-m row widths 
(Bullock et al., 1988; Nielsen, 1988; and Thelen et al., 1999). In contrast, Famham 
(2001) found that 0.76-m row widths had greater grain yields when compared to 
0.38-m row widths. 
By year-within region, optimum plant populations showed a similar response 
for 0.38- and 0.76-m row widths (lack of row width x plant population interaction in 
the analysis of variance). The hypothesis was that there would be a higher optimum 
plant population for narrow rows. When data were considered across site-years 
within a region, it was found that in the NW region, the optimum population for 0.38-
m rows was 10 868 plants ha"1 more than 0.76-m rows. All other regions had similar 
optimum plant populations for row width or there was no response. Corn hybrids 
grown in short season areas have less leaf area, due to fewer and smaller leaves 
(Modarres et al., 1998). Increasing plant population can increase canopy leaf area 
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faster and compensate for the shorter season. This does support what was found in 
the NW region, but does not explain the lack of response in the NE region. Lack of 
response between plant populations and row widths was also reported by Nielsen 
(1988), Westgate et. al. (1997), Porter et. al. (1997) at two of three locations, and 
Farnham (2001). 
Hybrids included in this study had varying relative maturity and plant 
architecture (leaf angle, leaf area, plant height, ear height). Across all regions, the 
results suggest that hybrids normally grown in 0.76-m rows can be grown in 0.38-m 
rows with similar success. This supports the hypothesis that grain yield response for 
hybrids will be similar in both row widths. Previous studies have reported similar 
hybrid response to row width (Porter et. al., 1997; Bullock et. al., 1988; Nielsen, 
1988; and Modarres et. al., 1998). Farnham (2001) reported that two of six hybrids 
did respond differently when planted in narrow rows. 
Farmers need to consider the following with regards to planting corn in narrow 
rows (less than 0.76-m): narrow rows have potential to improve grain yields if other 
factors (moisture, nutrients, disease, and insect control) are not limiting, high plant 
populations (> 75 000 plants ha"1) may be more important than narrow rows in high 
yield environments, and there is no evidence that one hybrid is better in narrow rows 
than another. Yield gains from growing corn in narrow rows must be large enough 
and consistent enough to justify the cost of equipment and management changes; 
these include replacing rims and tires on tractors and combines, new planter or 
modifications to an existing one, modifications to combine head, and the potential for 
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increased starter fertilizer and soil insecticide costs (these are applied on a linear 
row basis and there will be twice as many 0.38-m rows in the same unit area as 
0.76-m rows). Thus, the potential of a favorable economic outcome from converting 
to narrow rows depends on the cost of the conversion, the geographic region, 
number of corn acres, com yield, and price. 
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Table 1. State, location, region, and geographic coordinates for sites. 
Geographic 
State Location Regionf Coordinates 
— Latitude — —Longitude -
degrees minutes degrees minutes 
MN Kimball, MN NW 54 21 N 94 17 W 
ND Kindred, ND NW 46 37 N 97 00 W 
MN Willmar, MN NW 45 07 N 95 05 W 
MN Bird Island, MN NW 44 46 N 94 54 W 
MN Brownton, MN NW 44 43 N 94 21 W 
MN Redwood Falls, MN NW 44 32 N 95 07 W 
MN Mankato, MN NW 44 09 N 94 01 W 
MN Owatonna, MN NW 44 07 N 93 15 W 
SD Flandreau, SD NW 44 01 N 96 40 W 
SD Madison, SD NW 43 59 N 97 06 W 
MN Jackson, MN NW 43 37 N 94 59 W 
SD Canton, SD NW 43 18 N 96 35 W 
WI Eau Claire, WI NE 44 49 N 91 29 W 
Ml Ithaca, Ml NE 43 17 N 84 36 W 
ONT Wallaceburg, ONT NE 42 36 N 82 22 W 
ONT Dresden, ONT NE 42 34 N 82 10 W 
ONT Chatham, ONT NE 42 33 N 82 10 W 
IA Early, IA CW 42 27 N 95 09 W 
IA Baxter, IA CW 41 49 N 93 08 W 
IA Ankeny, IA CW 41 43 N 93 34 W 
IA Johnston, IA CW 41 41 N 93 42 W 
IA Atlantic, IA CW 41 25 N 95 00 W 
IA Hedrick, IA CW 41 10 N 92 18 W 
NE York, NE CW 40 52 N 97 36 W 
MO Mexico, MO CW 39 11 N 91 53 W 
OH Bucyrus, OH CE 40 49 N 82 58 W 
IL Melvin, IL CE 40 34 N 88 14 W 
IL Macomb, IL CE 40 29 N 90 40 W 
IN Tipton, IN CE 40 14 N 86 06 W 
t NW= North-west, CW=Central-west, NE=North-east, CE=Central-east 
Table 2. Year, location, row spacing, replicates, plant population, and corn hybrids, 
Row Plant 
Year Location Spacing Reps Population Hybridst 
— m — plants ha ' 
1991 Flandreau, SD 0.57, 0.76 4 44460,64220, 79040 3831,3787,3751,3578 
1991 Bird Island, MN 0.57, 0.76 4 44460,64220, 79040 3831,3787, 3751,3578 
1992 Canton, SD 0.57, 0.76 4 59280, 74100, 88920 3699, 3563 
1992 Kimball, MN 0.57, 0.76 4 59280, 74100, 88920 3699, 3563 
1992 Johnston, IA 0,57, 0.76 4 64220, 83980 3417, 3394, 3279,3162 
1993 Redwood Falls, MN 0.57, 0.76 4 59280,74100, 88920 3861,3787,3699,3563 
1993 Johnston, IA 0.57, 0.76 4 64220,83980 3417, 3394, 3279, 3162 
1994 Madison, SD 0.57, 0.76 4 59280, 74100, 88920 3769,3556, 3531 
1994 Owatonna, MN 0.57, 0,76 4 59280, 74100, 88920 3769, 3556, 3531 
1994 Redwood Falls, MN 0.57, 0.76 4 59280,74100, 88920 3769,3556, 3531 
1994 Hedrick, IA 0.57, 0.76 4 64220, 83980 3417, 3394, 3279,3162 
1994 Johnston, IA 0.57, 0,76 4 64220,83980 3417,3394,3279,3162 
1995 Madison, SD 0.57, 0.76 4 59280, 74100, 88920 3730,3733, 3489 
1995 Johnston, IA 0.57, 0.76 4 64220, 83980 3417, 3394, 3279,3162 
1997 Jackson, MN 0.38, 0.76 3 64220,79040, 93860 37M81, 3730, 35R57, 3559 
1997 Ithaca, Ml 0.38, 0.76 4 64220,79040, 93860 37M81, 3730, 35R57, 3559 
1997 Ankeny, IA 0.38, 0.76 4 64220, 79040, 93860 3489, 3394, 33Y18, 3335 
1997 Atlantic, IA 0.38, 0.76 4 64220, 79040, 93860 3489, 3394, 33Y18, 3335 
1997 Johnston, IA 0.38, 0.76 4 64220,79040, 93860 3489, 3394, 33Y18, 3335 
1997 Tipton, IN 0.38, 0.76 4 64220,79040, 93860 3489, 34R06, 3394, 3335 
1997 Melvin, IL 0.38, 0.76 4 64220, 79040, 93860 3489, 34R06, 3394, 3335 
1998 Willmar, MN 0.38, 0.76 4 64220,79040, 93860 38B22, 38P05, 37M81, 3730, 37R71, 36F30, 36H36, 35R57 
1998 Mankato, MN 0.38, 0.76 4 64220, 79040, 93860 38B22, 38P05, 37M81, 3730, 37R71, 36F30, 36H36, 35R57 
1998 Ankeny, IA 0.38, 0.76 4 64220,79040, 93860 34G81, 3489, 34R07, 33G26, 33Y18, 3335, 33A14 
1998 Baxter, IA 0.38, 0.76 4 64220,79040, 93860 34G81, 3489, 34R07, 33G26, 33Y18, 3335, 33A14 
1998 York, NE 0.38, 0.76 4 64220, 79040, 93860 34G81, 3489, 34R07, 33G26, 33Y18, 3335, 33A14 
1998 Wallaceburg, ONT 0.38, 0.76 4 64220, 79040, 93860 38B22, 37M81, 3730, 37R71, 36F30, 36H36 
1998 Chatham, ONT 0.38, 0.76 4 64220, 79040, 93860 38B22, 37M81, 3730, 37R71, 36F30, 36H36 
1998 Ithaca, Ml 0.38, 0.76 4 64220,79040, 93860 38B22, 37M81, 3730, 37R71, 36F30, 36H36 
1998 Eau Claire, WI 0.38, 0.76 4 64220,79040, 93860 38B22, 37M81, 3730, 37R71, 36F30, 36H36 
1998 Macomb, IL 0.38, 0.76 4 64220, 79040, 93860 34G81, 3489, 34R07, 33G26, 33Y18, 3335, 33A14 
1998 Bucyrus, OH 0.38, 0.76 4 64220, 79040, 93860 34G81, 3489, 34R07, 33G26, 33Y18, 3335, 33A14 
t Pioneer Brand Hybrids. 
Table 2. Continued. 
Row Plant 
Year Location Spacing Reps Population 
— m — plants ha'1 
1999 Brownton, MN 0.38, 0.76 4 64220, 79040, 93860 
1999 Mankato, MN 0.38, 0.76 4 64220,79040, 93860 
1999 Dresden, ONT 0.38, 0.76 4 64220,79040, 93860 
1999 Chatham, ONT 0.38, 0.76 4 64220, 79040, 93860' 
1999 Eau Claire, WI 0.38, 0.76 4 64220,79040, 93860 
1999 Johnston, IA 0.38, 0.76 3 74100, 88920, 103740 
1999 Tipton, IN 0.38, 0.76 3 74100, 88920, 103740 
1999 Macomb, IL 0.38, 0.76 3 74100,88920,103740 
Hybrids! 
38P06, 37M34, 36F30, 36R10, 36B08 
38P06, 37M34, 36F30, 36R10, 36B08 
38P06, 37H24, 37M34, 37R71, 36R10, 36B08 
38P06, 37H24, 37M34, 37R71, 36R10, 36B08 
38P06, 37H24, 37M34, 37R71, 36R10, 36B08 
35R57, 35N05, 3525, 34K77, 34G81, 3489, 3476, 3394 
35R57, 35N05, 3525, 34K77, 34G81, 3489, 3476, 3394 
35R57, 35N05, 3525, 34K77, 34G81, 3489, 3476, 3394 
t Pioneer Brand Hybrids. 
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Table 3. Year, location, planting date and planting equipment. 
Method of Planting Expenmental 
Year Location Regionf Planting Date Design* 
1991 Flandreau, SD NW Drill 7-May POP-HYB-RW 
1991 Bird Island, MN NW Drill 14-May POP-HYB-RW 
1992 Canton, SD NW Drill 7-May RW-POP-HYB 
1992 Kimball, MN NW Drill 5-May RW-POP-HYB 
1992 Johnston, IA CW Drill 4-May RW-POP-HYB 
1993 Redwood Falls, MN NW Drill 26-May HYB-RW-POP 
1993 Johnston, IA CW Drill 26-April HYB-RW-POP 
1994 Kindred, ND NW Drill 06-May HYB-RW-POP 
1994 Madison, SD NW Drill 11-May HYB-RW-POP 
1994 Owatonna, MN NW Drill 07-May HYB-RW-POP 
1994 Redwood Falls, MN NW Drill 06-May HYB-RW-POP 
1994 Hedrick, IA CW Drill 27-April HYB-RW-POP 
1994 Johnston, IA CW Drill 29-April HYB-RW-POP 
1995 Madison, SD NW Drill 28-April RW-HYB-POP 
1995 Johnston, IA CW Drill 24-April HYB-RW-POP 
1997 Jackson, MN NW 0.38-m planter 01-May POP-RW-HYB 
1997 Ithaca, Ml CE 0.38-m planter 23-May POP-RW-HYB 
1997 Ankeny, IA CW 0.38-m planter 28-April POP-RW-HYB 
1997 Atlantic, IA CW 0.38-m planter 29-April POP-RW-HYB 
1997 Johnston, IA CW 0.38-m planter 28-April POP-RW-HYB 
1997 Tipton, IN CE 0.38-m planter 10-May POP-RW-HYB 
1997 Melvin, IL CE 0.38-m planter 12-May POP-RW-HYB 
1998 Willmar, MN NW 0.38-m planter 19-May POP-RW-HYB 
1998 Mankato, MN NW 0.38-m planter 11-May POP-RW-HYB 
1998 Ankeny, IA CW 0.38-m planter 05-May POP-RW-HYB 
1998 Baxter, IA CW 0.38-m planter 04-May POP-RW-HYB 
1998 Johnston, IA CW 0.38-m planter 13-May POP-RW-HYB 
1998 York, NE CW 0.38-m planter 15-May POP-RW-HYB 
1998 Wallaceburg, ONT NE 0.38-m planter 27-May POP-RW-HYB 
1998 Chatham, ONT NE 0.38-m planter 26-May POP-RW-HYB 
1998 Ithaca, Ml NE 0.38-m planter 20-May POP-RW-HYB 
1998 Eau Claire, WI NE 0.38-m planter 9-May POP-RW-HYB 
1998 Macomb, IL CE 0.38-m planter 11-May POP-RW-HYB 
1998 Bucyrus, OH CE 0.38-m planter 15-May POP-RW-HYB 
1999 Brownton, MN NW 0.38-m planter 20-May POP-RW-HYB 
1999 Mankato, MN NW 0.38-m planter 14-May POP-RW-HYB 
1999 Dresden, ONT NE 0.38-m planter 20-May POP-RW-HYB 
1999 Chatham, ONT NE 0.38-m planter 21-May POP-RW-HYB 
1999 Eau Claire, WI NE 0.38-m planter 18-May POP-RW-HYB 
1999 Johnston, IA CW 0.38-m planter 28-May HYB-RW-POP 
1999 Tipton, IN CE 0.38-m planter 03-May HYB-RW-POP 
1999 Macomb, IL CE 0.38-m planter 04-May HYB-RW-POP 
t NW= North-west, CW=Centra!-west, NE= North-east, CE=Central-east 
j RW = row width, POP= plant population, HYB= hybrid. First term is main plot, second term is sub­
plot and third term is sub-sub plot 
Table 4. Grain yield response to row width and plant population for the north-west region, 1991-1995 
and 1997-1999. 
1991 1992 1993 1994 1995 1997 1998 1999 
Mg ha'1 
Row width 
(m) 
0.38 9.81 at 8.98 a 3.99 10.32 9.37 a 8.25 a 10.83 a 11.19a 
0.76 9.35 b 8.31 b 3.87 10.15 9.06 b 7,81 b 10.15 b 10.88 b 
Plant Pooulation 
(plants ha-1) 
44 460 8.64 c 
59 280 8.21 b 3,92 9.81 b 9.18 
64 220 9.90 b 8,31 a 9.84 b 10.59 
74100 8.86 a 3.94 10.47 a 9.28 
79 040 10.21 a 8,29 a 10,78 a 11.17 
88 920 8.85 a 3.93 10.44 a 9.21 
93 860 7,50 b 10.83 a 11.34 
t Means with different letters within each group of columns are significantly different at P< 0.10. 
Table 5. Grain yield analysis of variance summary for the north-west region, 1991-1995 and 1997-1999. 
Year RW$ POP HYB RW'POP RW*HYB POP*HYB RW*POP*HYB 
1991 t ** ** ns ns ns ns 
1992 ** * t ns ns ns ns 
1993 ns ns ** ns * ns * 
1994 ns ** ns ns ns ns ns 
1995 t ns ns ns t ns ns 
1997 t ** ns ns ns ns 
1998 * ns ns ns ns 
1999 t ns * ns ns ns ns 
*, and ** are significant at P = 0.05 and 0.01, respectively, 
t are significant at P= 0.10. 
$ RW = row width, POP= plant population, HYB= hybrid. 
Table 6. Grain moisture analysis of variance summary for the north-west region, 1991-1995 and 1997-1999. 
Year RW$ POP HYB RW*POP RW'HYB POP*HYB RW'POP'HYB 
1991 ns ns ns ns * ns ns 
1992 ns ns ns ns ns ns ns 
1993 ns ns ** ns * ns t 
1994 ns * ** ns ns ns ns 
1995 ns ns ** ns ** t ns 
1997 ns ns ** ns ns ns ns 
1998 ns ns ** ns t ns ns 
1999 ns ns * ns ns ns ns 
*, and ** are significant at P = 0.05 and 0.01, respectively, 
t are significant at P= 0.10. 
X RW = row width, POP= plant population, HYB= hybrid. 
Table 7. Grain moisture response to row width and plant population for the north-west region, 1991-
1995 and 1997-1999. 
1991 1992 1993 1994 1995 1997 1998 1999 
g Kg*1 
Row width 
(m) 
0.38 161 261 335 209 193 165 230 174 
0.76 160 259 330 209 193 168 234 177 
Plant Population 
(plants ha'1) 
44 460 159 
59 280 255 328 208 b 194 
64 220 160 169 230 172 
74100 259 335 208 b 192 
79 040 162 167 232 175 
88 920 266 336 211 a 193 
93 860 164 235 179 
t Means with the same letter within each group of columns are significantly different at P< 0.10, 
Table 8. North-west grain yield response to row width by location. 
Location Year 0.38-m 0.76-m % change 
— Mg ha-1 • 
Flandreau, SD (n=48) 91 9.67 8.98 +7.7 
Bird Island, MN (n=48) 91 9.95 9.73 +2.3 
Canton, SD (n=24) 92 11.05 10.26 +7.7 
Kimball, MN (n=24) 92 6.72 6.35 +5.8 
Redwood Falls, MN (n=48) 93 3.99 3.87 +3.1 
Madison, SD (n=36) 94 10.03 10.03 0.0 
Owatonna, MN (n=36) 94 9.92 9.63 +3.0 
Redwood Falls, MN (n=36) 94 11.02 10.79 +2.1 
Madison, SD (n=36) 95 9.37 9.06 +3.4 
Jackson, MN (n=36) 97 8.25 7.81 +5.6 
Willmar, MN (n=96) 98 10.09 9.41 +7.2 
Mankato, MN (n=96) 98 11.51 10,91 +5.5 
Brownton, MN (n=60) 99 11.63 11.42 +1.8 
Mankato. MN (n=60) 99 10.74 10.34 +3.9 
North-west weighted mean 9.89 9.46 +4.5** 
** are significant at P = 0.01. 
Table 9. North-west grain moisture response to row width by location. 
Location Year 0.38-m 0.76-m % chanae 
- g kg-1 — 
Flandreau, SD (n=48) 91 144 144 0.0 
Bird Island, MN (n=48) 91 178 175 +1.7 
Canton, SD (n=24) 92 233 223 +4.5 
Kimball, MN (n=24) 92 289 294 -1.7 
Redwood Falls, MN (n=48) 93 335 330 +1.5 
Madison, SD (n=36) 94 199 203 -2.0 
Owatonna, MN (n=36) 94 212 210 +1:0 
Redwood Falls, MN (n=36) 94 214 215 -0.5 
Madison, SD (n=36) 95 193 193 0.0 
Jackson, MN (n=36) 97 165 168 -1.8 
Willmar, MN (n=96) 98 243 246 -1.2 
Mankato, MN (n=96) 98 219 221 -0.9 
Brownton, MN (n=60) 99 183 183 0.0 
Mankato. MN (n=60) 99 164 172 -4.7 
North-west weighted mean 214 214 0.0 
Table 10. Grain yield response to row width and plant population for the central-west region, 
1992-1995 and 1997-1999. 
1992 1993 1994 1995 1997 1998 1999 
Mg ha"1 
Row width 
(m) 
0.38 13.61 9.08 11.36 12.01 a 9.03 10.41a 12.39a 
0.76 13.28 8.87 11,26 11.11 b 8.67 10.13 b 11,10 b 
Plant Population 
(plants ha-1) 
64 220 13.08 b 9.09 11.26 11.17b 9.21a 10.13 b 
74100 11.36 b 
79 040 8.91 b 10.64 a 
83 980 13.81 a 8.86 11.37 11.95 a 
88 920 11.88 a 
93 860 8.43 c 10.04 b 
103 740 11.99 a 
t Means with different letters within each group of columns are significantly different at P< 0.10. 
Table 11. Grain yield analysis of variance summary for the central-west region, 1992-1995 and 1997-1999. 
Year RWt POP HYB RW*POP RW'HYB POP*HYB RW*POP*HYB 
1992 ns * ** ns ** ** ns 
1993 ns ns ** ns ns ns ns 
1994 ns ns ** ns ns ns ns 
1995 ** t ns ns ns ns 
1997 ns ** ns ns ns ns ns 
1998 * t t ns ns ns ns 
1999 ** t ** ns ns ns ns 
\ and ** are significant at P = 0.05 and 0,01, respectively, 
t are significant at P= 0.10. 
j RW = row width, POP= plant population, HYB= hybrid. 
Table 12. Grain moisture analysis of variance summary for the central-west region, 1992-1995 and 1997-1999. 
Year RW$ POP HYB RW'POP RW'HYB POP'HYB RW*POP*HYB 
1992 ns ns ** ns t * ns 
1993 ** t ** ns ** ns ns 
1994 ns ns ** ns ns ns ns 
1995 ** ns ** ns ns ns ns 
1997 t t ns ns ns ns ns 
1998 ns ns ** ns ns ns ns 
1999 ns * ** ns ns t ns 
*, and ** are significant at P = 0.05 and 0.01, respectively, 
t are significant at P= 0.10. 
i RW = row width, POP= plant population, HYB= hybrid. 
Table 13. Grain moisture response to row width and plant population for the central-west region, 
1992-1995 and 1997-1999. 
1992 1993 1994 1995 1997 1998 1999 
g kg'1 
Row width 
(m) 
0.38 256 236 b 225 254 a 159 b 218 259 
0.76 260 241 a 223 245 b 162 a 218 258 
Plant Population 
(plants ha-1) 
64 220 257 240 a 224 250 163 a 214 
74 100 256 b 
79 040 162 a 219 
83 980 259 236 b 223 249 
88 920 259 a 
93 860 157 b 223 
103 740 260 a 
t Means with different letters within each group of columns are significantly different at P< 0.10, 
Table 14. Central-west grain yield response to row width by location. 
Location Year 0.38-m 0.76-m % chanae 
—— Mg ha 
Johnston, IA (n=32) 92 13.61 13,28 +2.5 
Johnston, IA (n=32) 93 9.08 8.8 7 +2.4 
Hedrick, IA (n=32) 94 10.52 10,52 0.0 
Johnston, IA (n=32) 94 12.20 11.96 +2.0 
Johnston, IA (n=32) 95 12.01 11.11 +8.1 
Ankeny, IA (n=48) 97 10.16 9,44 +7.6 
Atlantic, IA (n=48) 97 6.05 6.40 -5.5 
Johnston, IA (n=48) 97 10.75 10.16 +5.8 
Ankeny, IA (n=84) 98 10.21 10.14 +0.7 
Baxter, IA (n=84) 98 9.02 8.84 +2.0 
York, NE (n=84) 98 12.01 11.42 +5.2 
Johnston, IA (n=72) 99 12.40 11.10 +11.7 
Central-west weighted mean 10.08 9.62 +4.8** 
** are significant at P = 0,01. 
Table 15. Central-west grain moisture response to row width by location. 
Location Year 0.38-m 0.76-m % chanae 
• 9 kg — 
Johnston, IA (n=32) 92 256 260 -1.5 
Johnston, IA (n=32) 93 236 241 -2.1 
Hedrick, IA (n=32) 94 202 202 0.0 
Johnston, IA (n=32) 94 247 242 +2.1 
Johnston, IA (n=32) 95 254 245 +3.7 
Ankeny, IA (n=48) 97 161 162 -0.6 
Atlantic, IA (n=48) 97 156 160 -2.5 
Johnston, IA (n=48) 97 162 164 -1.2 
Ankeny, IA (n=84) 98 228 230 -0.9 
Baxter, IA (n=84) 98 237 230 +3.0 
York, NE (n=84) 98 190 192 -1.0 
Johnston. IA (n=72) 99 259 258 +0.4 
Central-west weighted mean 211 212 -0.5 
Table 16. Grain yield response to row width and plant population for the north-east region, 
1997-1999. 
1997 1998 1999 
Mgha-1 
Row width 
(m) 
0.38 9.54 8.98 b 10.12 
0.76 9.55 9.27 a 10.12 
Plant Population 
(plants ha-1) 
64 220 9,40 8.83 b 9.92 
79 040 9.53 9.39 a 10,20 
93 860 9.55 9.15 ab 10.24 
t Means with different letters within each group of columns are significantly different at P< 0.10. 
Table 17. Grain yield analysis of variance summary for the north-east region, 1997-1999. 
Year RWJ POP HYB RW*POP RW'HYB POP'HYB RW*POP*HYB 
1997 
1998 
1999 
ns 
** 
ns 
ns 
t 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
*, and ** are significant at P = 0.05 and 0.01, respectively, 
t are significant at P= 0.10. 
t RW = row width, POP= plant population, HYB= hybrid. 
Table 18. Grain moisture analysis of variance summary for the north-east region, 1997-1999. 
Year RW* POP HYB RW'POP RW*HYB POP'HYB RW'POP'HYB 
1997 ns ns ** ns * t ns 
1998 * ns ** ns * ns ns 
1999 * ns ** ns ns ns ns 
*, and ** are significant at P = 0,05 and 0,01, respectively, 
t are significant at P= 0.10. 
$ RW = row width, POP= plant population, HYB= hybrid. 
Table 19. Grain moisture response to row width and plant population for the north-east region, 1997-
1999. 
1997 1998 1999 
gkg-1 
Row width 
(m) 
0.38 293 221 a 218 b 
0.76 294 217 b 222 a 
Plant Population 
(plants ha-1) 
64 220 295 218 222 
79 040 291 220 220 
93 860 296 220 218 
t Means with different letters within each group of columns are significantly different at P< 0.10, 
Table 20. North-east grain yield response to row width by location. 
Location Year 0.38-m 0.76-m % change 
Mg ha-1 — 
Ithaca, Ml (n=48) 97 9,54 9.44 +1.1 
Wallaceburg, ONT (n=72) 98 9.97 10,25 -2,7 
Chatham, ONT (n=72) 98 9.27 9,77 -5.1 
Ithaca, Ml (n=72) 98 7.28 7,18 +1.4 
Eau Claire, Wl (n=72) 98 9.33 9.91 -5.9 
Dresden, ONT (n=72) 99 8.63 8,73 -1.1 
Chatham, ONT (n=72) 99 9.50 9.69 -2.0 
Eau Claire. Wl fn=72) 99 12.50 11.96 +4.5 
North-east weighted mean 9,69 9.75 -0.6 
Table 21. North-east grain moisture response to row width by location. 
Location Year 0.38-m 0.76-m % chanae 
- g kg — 
Ithaca, Ml (n=48) 97 293 294 -0.3 
Wallaceburg, ONT (n=72) 98 238 239 -0.4 
Chatham, ONT (n=72) 98 216 214 +0,9 
Ithaca, Ml (n=72) 98 221 213 +3.8 
Eau Claire, Wl (n=72) 98 210 202 +4,0 
Dresden, ONT (n=72) 99 227 235 -3.4 
Chatham, ONT (n=72) 99 225 233 -3.4 
Eau Claire. Wl (n=72) 99 201 199 +1.0 
North-east mean 229 229 0.0 
Table 22. Grain yield response to row width and plant population for the central-east region, 
1997-1999. 
1997 1998 1999 
Mg ha'1 
Row width 
(m) 
0.38 9.26 a 9.00 10.87 a 
0.76 8.82 b 8.96 10.46 b 
Plant Population 
(plants ha"1) 
64 220 9,48 a 8.95 
74100 10.45 
79 040 8.88 b 9.08 
88 920 10.84 
93 860 8.71 b 8.90 
103 740 10.71 
t Means with different letters within each group of columns are significantly different at P< 0.10, 
Table 23. Grain yield analysis of variance summary for the central-east region, 1997-1999. 
Year RW* POP HYB RW'POP RW'HYB POP*HYB RW'POP'HYB 
1997 t ns ns ns ns ns 
1998 ns ns ns ns ns ns ns 
1999 * t ns ns * ns ns 
*, and ** are significant at P = 0.05 and 0.01, respectively, 
t are significant at P= 0.10. 
i RW = row width, POP= plant population, HYB= hybrid. 
a 
Table 24. Grain moisture analysis of variance summary for the central-east region, 1997-1999. 
Year RWt POP HYB RW*POP RW*HYB POP*HYB RW*POP*HYB 
1997 ns ns ns ns ns ns ns 
1998 * ns t ** ns ns ns 
1999 ns ns ns ns t ns ns 
*, and ** are significant at P = 0.05 and 0.01, respectively, 
t are significant at P= 0.10. 
$ RW = row width, POP= plant population, HYB= hybrid. 
Table 25. Grain moisture response to row width and plant population for the central-east region, 
1997-1999. 
1997 1998 1999 
Mg ha*1 
Row width 
(m) 
0.38 214 204 b 160 
0.76 215 206 a 162 
Plant Population 
(plants ha-1) 
64 220 215 205 
74100 160 
79 040 214 205 
88 920 161 
93 860 215 206 
103 740 162 
t Means with different letters within each group of columns are significantly different at P< 0.10, 
Table 26. Central-east grain yield response to row width by region and location. 
Location Year 0.38-m 0.76-m % chanae 
— Mg ha-1 -----
Melvin, IL (n=48) 97 8.83 8.60 +2.7 
Tipton, IN (n=48) 97 9.72 9.04 +7.5 
Macomb, IL (n=84) 98 9.32 9.02 +3.3 
Bucyrus, OH (n=84) 98 8.68 8.89 -2.4 
Tipton, IN (n=72) 99 11.70 11.40 +2.6 
Macomb. IL (n=72) 99 10.04 9.58 +4.8 
Central-east weighted mean 9.69 9.51 +1.9 
Table 27. Central-east grain moisture response to row width by location. 
Location Year 0.38-m 0.76-m % chanae 
- g kg — 
Melvin, IL (n=48) 97 201 203 -1.0 
Tipton, IN (n=48) 97 229 228 +0.4 
Macomb, IL (n=84) 98 176 176 0.0 
Bucyrus, OH (n=84) 98 233 236 -1.3 
Tipton, IN (n=72) 99 154 154 0.0 
Macomb. IL (n=72) 99 165 169 -2.4 
Central-east weighted mean 183 185 -1.1 
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Figure 1. Grain yield response to row spacing and plant population for 14 site-years 
in the north-west region, 1991-1995 and 1997-1999. 
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Figure 2. Grain yield response to row spacing and plant population for 11 site-years 
in the central-west region, 1992-1995 and 1997-1999. 
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Figure 3. Grain yield response to row spacing and plant population for eight site-
years in the north-east region, 1997-99. 
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Figure 4. Grain yield response to row spacing and plant population for six site-years 
in the central-east region, 1997-99. 
Table 28. Grain yield, moisture, barren plants, ear height, plant height, stalk lodging analysis of variance for row 
width and plant population at five north-west location, 1997-1999. 
Source df 
Mean Square 
Grain yield Moisture 
Barren 
plants 
Ear 
Heiaht 
Plant 
Height 
Stalk 
Lodging 
Environment (ENV) 4 190.15** 206362 ** 1951 1.707 ** 3.744 ** 1369.3 ** 
REP(ENV) 14 10.89 ** 612** 2991 0.0541 0.137 ** 8,8* 
Row width (RW) 1 40,00 ** 1145* 566 0.003 0.156 t 65.5 
ENV*RW 4 1.52 152 375 0.007 0.028 28.51 
REP*RW(ENV) 14 2.72 ** 165 135 ** 0.021 0.009 2.8 
Plant population (POP) 2 41.62 ** 577 t 347 0.004 0.025 107.6* 
POP*RW 2 5.29* 126 413 0.021 0.002 4.0 
ENV*POP 8 7.01 * 191 389 0.015 0.012 f 22.4 t 
ENV*POP*RW 8 1.22 239 361 ** 0.009 0.005 7.4 t 
HYBRID(ENV) 37 6.11 ** 7142 ** 36 0.061 ** 0.205 ** 49.6 ** 
RW*HYBRID(ENV) 37 0.70 212 41 0.006 0.009 5.6* 
POP*HYBRID(ENV) 74 0.85 233 26 0.006 0.007 7,2** 
RW*POP*HYBRID(ENV) 74 0.81 223 13 0,008 0,007 5.6* 
Model 279 5.72 ** 4187 ** 90.2 ** 0.040** 0.096 ** 32,6 ** 
Error 689 0.84 243 31.2 0,008 0.009 3.9 
Corrected total 968 
C.V. (%) 8.7 7.9 288 3.5 3.5 171.8 
Mean 10.54 Mg ha-1 196 g kg'1 1.9% 1.0 m 2,8 m 1.1 % 
*, and ** are significant at P = 0.05 and 0.01, respectively, 
t are significant at P= 0.10. 
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CHAPTER 4 
ROW WIDTH AND PLANT POPULATION EFFECTS ON CANOPY 
SPECTRAL CHARACTERISTICS, PLANT TRAITS, and GRAIN YIELD 
FOR TWO CORN (Zea mays L.) HYBRIDS 
A paper to be submitted to Crop Science 
S. R. Paszkiewicz, T. C. Kaspar, D. E. Farnham, and D. L. Karlen 
Introduction 
Light not only provides the radiant energy for photosynthesis, but also the 
informational signals that plants use to adapt to changes in the environment as they 
grow and develop (Aphalo et al., 1999; Ballare et al., 1994). Plants perceive light in 
the environment using a number of photoreceptor systems (Furuya, 1993). 
Phytochrome is the best characterized of these systems. Phytochrome acts in 
nature as a signal-transducing photoreceptor enabling the plant to acquire 
information on the light environment that may be applied to the modulation of 
cellular processes, thus allowing the plant to acclimate to its environment (Furuya, 
1993; Quail, 1991). It has been shown to play a critical role in the light-mediated 
regulation of a wide range of growth and development processes (Ballare et al., 
1994; Ballare, 1999). Some of the biological events controlled at least in part by the 
phytochrome system are seed germination, de-etiolation of germinating seedlings, 
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biosynthesis of many plastid proteins including those of the photosynthetic 
apparatus, control of shade tolerance, and time of flowering and fruit production 
(Smith, 1982; Furuya, 1993). 
Phytochromes are cytosolically localized dimers composed of two ~ 125-kD 
polypeptides, each carrying a covalently linked tetrapyrrole chromophore in the NH2-
terminal domain and dimerization determinants in the COOH-terminal domain. 
Phytochrome absorbs principally in the red light (R)/far-red light (FR) spectral 
regions (~ 600-800 nm), (Quail, 1991; Sommer and Song, 1996). The R absorbing 
form of phytochrome (Pr) has an absorption maximum at ~ 665 nm and the FR 
absorbing form of phytochrome (Pfr) has an absorption maximum at ~ 730 nm. 
Phytochrome functions at all stages of a plants life cycle, acquiring information 
about the light and providing the plant with the capacity to adapt to changes in the 
supply of radiant energy (Smith and Whitelam, 1997; Sommer and Song, 1996). 
Sensing the R:FR ratio has been proposed as the fundamental sensory function of 
phytochrome (Smith, 1982). 
For plants that have close proximity to their neighbor, an important ecological 
function of phytochromes is the detection of changes in the light spectral quality 
caused by the closeness of these plants (Smith and Whitelam, 1997; Ballare et al., 
1997). Light reflected off plants in a competitive environment has a lower R:FR ratio 
than light above the canopy because the chlorophyll in leaves absorbs greater 
amounts of light in the R region of the spectrum than in the FR region (Kasperbauer, 
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1971; Smith and Whitelam, 1990). Sensing of FR light reflected by neighboring 
plants allows a plant to sense competition very early in the development of the 
canopy (Ballare et al., 1987; Ballare et al., 1990), and to initiate morphological 
responses. For example, three days after transplanting and before shading among 
neighboring plants had developed, Datura ferox and Sinapis alba seedlings 
responded to plant competition by an increase in stem and petiole elongation and by 
the phototropic adjustment of branch and leaf angle (Ballare et al., 1990). The 
assimilates required to increase stem and petiole length are therefore not available 
for other plant organs, such as roots and reproductive tissue. These morphological 
changes allow a plant to project its leaf area towards openings in the canopy where 
the light is less affected by neighboring plants. Increased apical dominance, 
accelerated leaf senescence, and abortion of reproductive organs are other 
responses that are brought about by low R:FR light ratios in plant canopies 
(Rousseaux et al., 1996; Heindl and Brun, 1983). If crop plants in planned spatial 
arrangements could eliminate these shade avoidance responses, then yields might 
be increased because of increased assimilates to reproductive and storage organs. 
The extent of morphological changes of shade-intolerant plants is likely to 
increase with an early detection of low R:FR ratios indicating a presence of 
neighboring plants (Ballare et al., 1987). In crop production systems, a plant's 
morphological response to neighboring plants may be a yield disadvantage. 
Elongation of the stem may reduce assimilate availability for other plant organs 
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(leaves, roots, and seeds) and may increase susceptibility to lodging (Smith, 1992). 
Early leaf senescence might limit yield and contribute to post harvest loss of 
vegetables (Gan and Amasino, 1997). This process, called shade avoidance 
syndrome, essentially consists of a redirection of resources and growth potential 
from leaf and storage organ development to increased length of stem and petiole. 
The phytochrome mediated perception of reflection signals from neighboring plants 
before shading occurs is a critical survival point in natural ecosystems, but not in 
managed crop production systems with planned plant spacing. Many plants react 
within 5 to 10 minutes of exposure to low R:FR ratios by a 3- or 4-fold acceleration 
of stem extension (Child and Smith, 1987; Smith, 1990). Unfortunately, the majority 
of crop plants are shade avoiders; these include wheat, maize, barley, oats, 
soybean, tobacco, oil-seed rape, other brassicas, sunflower, flax, sorghum, sugar 
cane, and sugar beet. All these plants when grown in close proximity to other plants 
will exhibit some degree of shade avoidance (Smith, 1992). 
Flower and pod abortion were reduced when the lower portion of a soybean 
canopy was exposed to supplemental R light (Heindl and Brun, 1983). This 
indicates that it may be possible to reduce reproductive abscission and increase 
grain yield if the R:FR ratio can be altered. 
In a field study to evaluate the relationship among plant spacing in corn 
seedlings, Kasperbauer and Karlen (1994) found that green leaves absorbed most 
of the R light and reflected much of the FR light. Close-spaced plants received 
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more reflected FR and lower R:FR ratios. Seedlings developed longer and narrower 
leaves, longer stems, and less root mass when in an environment that had a lower 
R:FR ratio. 
Tobacco plants displayed increased stem elongation and specific leaf area 
when exposed to additional FR light in a controlled environment (Ballare et al., 
1994). They also reported that transgenic tobacco plants overexpressing an oat 
phytochrome gene showed little or no morphological response when exposed to a 
similar environment when compared with wild type plants. 
Kasperbauer (1987) found that green soybean leaves absorbed large 
amounts of R light and small amounts of FR light. His data showed that R:FR ratio 
received by plants is impacted by the nearness of other competing plants and time 
of day (solar angle). Soybean plants that received a high R:FR ratio light source at 
the end of the day had shorter intemodes and initiated axillary shoots. 
Low R:FR conditions resulted in delayed flowering for soybean (Cober eta!., 
1996). They suggested that long day, low R:FR conditions may simply elicit more 
extreme photoperiodic responses, i.e., earlier flowering in long-day plants and 
delayed flowering in short-day plants. 
Madonni et al. (2001) found no corn hybrid x plant population or hybrid x row 
spacing interaction for leaf width and leaf length, individual leaf area, and plant leaf 
area. Increasing plant population caused an increase in leaf angle and a decrease 
in both leaf width and leaf length. Decreasing row width increased leaf length only. 
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Plants can sense the increase in FR light caused by other plants in near 
proximity using phytochrome, even when these plants are too far away to cause a 
significant decrease in light interception (Ballare, 1999; Ballare and Casal, 2000). In 
natural ecosystems with high plant competition between multiple species, the ability 
of plants to make morphological changes in response to competition is a key 
element to a plant's success in its natural environment. In managed agricultural 
systems with high populations of one species, these morphological changes may 
reduce grain yield on an area basis. 
We tested the hypotheses that 0.38-m rows will have a higher plant canopy 
ratio of R:FR than a 0.76-m canopy, com hybrids with erectophile leaf habits will 
have a higher plant canopy ratio of R:FR than hybrids with planophile leaf habits, 
and the improvement in com hybrids' yielding ability at high plant populations is due 
to an increase ratio of R:FR in the canopy. A corn canopy with a more favorable 
R:FR ratio would produce plants with shorter intemodes, thicker stalks, and shorter 
leaves. This would potentially lead to higher grain yields because photosynthate 
would be partitioned to reproductive tissue development instead of increased 
vegetative development. 
The objectives of this research were to determine if spectral characteristics of 
developing com canopies are associated with yield and yield determining 
characteristics of hybrids under various row widths and plant populations. The 
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experiment compared single-cross com hybrids with erectophile and planophile leaf 
habits. 
Materials and Methods 
Field research was conducted in 1998 on a site near Ankeny, IA (41°43'N, 
93°34'W) with Nicollet, Canisteo, and Harps soils and in 1999 on a site near 
Johnston, IA (41°41'N, 93°42'W) with a Wiota soil. The experimental design was a 
randomized complete block design in a split-split plot arrangement. In 1998, two 
plant populations, 64 220 and 93 860 plants ha"1, were randomly assigned to whole 
plots, two row widths, 0.38- and 0.76-m, randomly assigned to sub-plots, and two 
hybrids, Pioneer Brand1 com hybrids 3394 (P3394) and 3376 (P3376), were 
randomly assigned to sub-sub plots in each of four replicates. In 1999, two com 
hybrids, Pioneer Brand1 (Johnston, IA) com hybrids 3394 (P3394) and 3618 
(P3618), were randomly assigned to whole plots, two row widths, 0.38- and 0.76-m, 
randomly assigned to sub-plots, and two plant populations, 74 100 and 93 860 
plants ha1, were randomly assigned to sub-sub plots in each of four replicates. The 
leaf habit of P3394 is erectophile (vertical) while leaves of P3376 and P3618 are 
planophile (horizontal). The size of sub-sub plots at each location was seven 0.38-
m rows, or four 0.76-m rows by 4.55-m long. Data were collected from rows three 
through five in the 0.38-m plots, and rows two and three in the 0.76-m plots. 
Conventional cultural practices were followed in establishing the plots at each 
location. Nitrogen, P, and K fertilizers were applied according to yield potentials and 
87 
soil test levels (P and K) for each location. Tillage practices consisted of field 
cultivation and harrowing prior to planting. Soybean was the previous crop at each 
location. Pre-emergence herbicides, metolachlor and atrazine, were used and plots 
were not cultivated. All plots were overplanted and thinned to the desired plant 
population at V3-V4 growth stage (Ritchie et al., 1986). 
Plots were planted on 5 May and 28 May in 1998 and 1999, respectively. 
Planting equipment was a seven-row Almaco (Nevada, IA) 0.38-m research planter, 
which was also used for 0.76-m rows. There was no wheel traffic on any of the 
harvest rows, either before or after planting. 
Grain yields were determined by harvesting rows three through five in the 
0.38-m plots and rows two and three in the 0.76-m plots with a K2 Gleaner (Duluth, 
GA) combine. Plot weight and grain moisture were determined by load cells and 
capacitance moisture meters, respectively, on the plot combine. Grain yields were 
adjusted to moisture content of 155 g kg"1. 
Ear height, plant height, stalk lodging, root lodging, barren plants, harvestable 
ears per plant, and stalk diameter were recorded. Ear height was measured from 
the soil surface to the node at which the highest ear attached to the stalk. Plant 
height was measured from the soil surface to the tip of the tassel. A plant was 
1 Reference to a trade or company name is for specific information only and does not 
imply approval or recommendation of the company or product by the USDA or Iowa 
State University to the exclusion of others that may be suitable. 
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considered stalk lodged if the stalk was broken or crimped between the ear and the 
ground. A plant was considered root lodged when it leaned from its vertical axis at 
greater than approximately 30 degrees. A plant was considered barren if it had no 
ear or if the ear had less than 7 cm of filled grain. A plant had a harvestable ear or 
ears if the ear had greater than 7 cm of filled grain. Stalk diameter was measured at 
the widest portion of intemode below the node supporting the primary ear. 
Spectral data were recorded within the com canopy at several stages of plant 
development to determine the R/FR ratio. The light spectra were measured at 5 nm 
intervals from 400 to 800 nm with a Li-Cor Model 1800 (Lincoln, NE) 
spectroradiometer equipped with a remote, hemispherical, cosine receptor on a 1.5-
m fiber optic probe. Measurements were taken within 1.5 h of solar noon at two 
locations within each plot. To ensure that spectral data were recorded at the same 
location within the plot each time, a 2- x 2-cm wooden stake was placed in the row. 
The stake was placed within the row at the approximate plant spacing representing 
that row width x plant population treatment. The receptor was placed on the stake 
in a vertical position at the height equal to half the average canopy height. A single 
spectral reading was an integration of four scans; one from each of the four cardinal 
directions. The same sequence was repeated for each row width, plant population 
and hybrid combination at mid-canopy height. The R and FR values were 
calculated from spectral data at 660 nm (+/- 5) and 730 nm (+/- 5), respectively. 
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Data were analyzed using the general linear model (GLM) procedure of SAS 
(SAS Institute Inc., 1989). Mean separation was made for all analyses by 
computing LSD (0.10) values only if the GLM F-test showed a significant treatment 
difference (P < 0.10). Replicates and hybrids were considered fixed effects while all 
other effects were random in determining the expected mean squares and 
appropriate F-tests in the combined analysis. Data from locations were analyzed 
by year. A repeated measures ANOVA (SAS Institute Inc., 1989) was used to 
analyze the R:FR values calculated from the spectral data. 
Results 
1998 grain yield, physiological measurement and spectral data results 
The mean grain yield for the 1998 location was 8.94 Mg ha"1. Though not 
significant, the 0.38-m row width had higher grain yields compared to the 0.76-m 
row width, 9.13 and 8.76 Mg ha1, respectively (Table 1). Plant population was not 
significant and there was no row width x plant population interaction. Hybrid P3394, 
erectophile leaf habit, had significantly higher grain yields than P3376, planophile 
leaf habit. Hybrid P3376 was released for commercial sales in 1965 and was not 
expected to compete for grain yield with P3394 (released in 1991). There was a 
significant plant population x hybrid interaction. Grain yields of P3376 were greater 
at the low plant population (64 220 plants ha"1), whereas P3394 had greater grain 
yield at the high plant population (93 860 plants ha1). 
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Grain moisture was not significant for row width, plant population, and hybrid. 
There was a significant row width x plant population x hybrid interaction for grain 
moisture. All row width x plant population x hybrid combinations showed increased 
grain moisture with the high plant population treatment, except P3376 in 0.76-m row 
widths, the grain moistures were the same at each plant population. 
The 0.38-m row width had significantly more barren plants (6.8%) than the 
0.76-m row width (3.5%) (Table 1). Though not expected, P3394 had significantly 
higher percentage barren plants than P3376. The plant population x hybrid 
response was significant, P3376 had more barren plants at 93860 plants ha"1 (5.1%) 
than when planted at 64220 plants ha'1 (1.9%); and P3394 had more barren plants 
at 64220 plants ha"1 (8.1%) than at 93860 plants ha"1 (5.4%). 
Ear height was significant for row width; the 0.76-m row width (1.01 m) had 
greater ear height than the 0.38-m row width (0.93 m) (Table 1). There was also a 
significant ear height response for hybrid. Hybrid P3394 had ear placement 0.12-m 
higher than P3376. Increased ear height is characteristic of more modern corn 
hybrids. 
The 0.76-m row width had significantly more stalk lodging than 0.38-m rows, 
2.6 and 1.2%, respectively (Table 1). Due to breeding improvements, P3394 had 
significantly less stalk lodging than P3376, 0.4 and 3.4%, respectively. 
No main effect term was significant for plant height and root lodging (Table 
1). 
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Spectral measurements were recorded at the midpoint of the canopy within 
1.5 h of solar noon for each row width x plant population x hybrid combination at five 
sampling dates in 1998. The sampling dates are reported as growing degree units 
(GDUs) (base 50) after planting. The R:FR ratios of the two row widths did not 
significantly differ at all sampling dates except at 1982 GDUs (post tasseling), the 
last sampling date (Table 2 and Figure 1). At 1982 GDUs, 0.38-m row width had a 
significantly higher R:FR ratio than the 0.76-m row width. There was also a trend for 
the 0.76-m row width to have increased R:FR ratio for the 824, 1176 and 1307 GDU 
sampling dates. Both row widths had a sharp decline in R:FR ratio from 824 to 
1176, but the 0.38-m row width response was flat across the other three sampling 
dates, while the 0.76-m row width R:FR ratio declined. 
Plant population did not significantly affect the R:FR ratio except at the 1982 
GDU sampling date (Table 2 and Figure 2). The 64 220 plants ha"1 population had a 
higher R:FR ratio than the 93 860 plants ha"1. Though not significant the 64 220 
plants ha"1 treatment had higher R:FR ratio values at each sampling date. 
Hybrid P3394 (erectophile leaf type) had significantly higher R:FR ratio than 
P3376 (planophile leaf type) for 824 and 1176 GDU sampling dates (Table 2 and 
Figure 3). 
Greatest R:FR ratio changes for row width, plant population, and hybrid 
occurred between the first two sampling dates, 824 (V8, developmental stage) and 
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1176 (V12) GDUs. The difference between these two dates was significant when 
analyzed within row widths, plant populations, and hybrids (Table 3). 
1999 grain yield, physiological measurement and spectral data results 
Mean grain yield for the 1999 location was 8.47 Mg ha"1. As expected, P3394 
had significantly higher grain yields than P3618, 11.55 and 5.26 Mg ha"1, 
respectively (Table 4). There was a significant plant population x hybrid interaction. 
Hybrid P3618 had a greater grain yield at the low plant population (74 100 plants 
ha"1) and P3394 had a greater grain yield at the high plant population (93 860 plants 
ha"1). 
There was a significant row width response for barren plants; the 0.38-m row 
width had more barren plants than the 0.76-m row width, 10.6 and 7.2%, 
respectively (Table 4). Hybrid P3618 had significantly more barren plants than 
P3394, 15.8 and 1.9%, respectively. 
There was a significant plant population response for plants with a 
harvestabie ear (Table 4). The 74 100 plants ha"1 population level had more 
harvestabie ears (92%) when compared to 93 860 plants ha"1 population (87%). 
There was also a significant row width x plant population interaction for plants with 
harvestabie ears. There was no difference for this trait in the 0.76-m row width; 90% 
for each of the plant populations. The 0.38-m row widths had 93 and 84% 
harvestabie ears for the 74 100 and 93 860 plant ha"1 treatments, respectively. 
Harvestabie ears showed a significant response for the hybrid x plant population 
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term. Hybrid P3394 had similar percentage harvestabie ears at the two plant 
population levels (-93%). Hybrid P3618 had more harvestabie ears at the 74 100 
plants ha"1 plant population level than at 93 860 plants ha"1, 91 and 80%, 
respectively. 
Plant height response for plant population was significant (Table 4). The 
93 860 plants ha"1 plots had taller plants when compared to 74 100 plants ha*1 plots, 
2.90- and 2.79-m. respectively. Ear height had a similar trend where placement was 
significantly higher on plants in the 93 860 plants ha"1 plots when compared to 
74 100 plants ha"1, 1.17- and 1.06-m, respectively. Hybrid P3394 had significantly 
higher ear placement than P3618, 1.21- and 1.02-m, respectively. 
Stalk diameter was recorded in the plots in 1999. There was not a significant 
response to row width or hybrid for stalk diameter (Table 4). Plant population had a 
significant response for stalk diameter. The 93 860 plants ha"1 plots had smaller 
diameters when compared to 74 100 plants ha"1, 17.92- and 19.58-mm, respectively. 
Spectral measurements were recorded at four crop developmental stages in 
1999. The sampling dates are reported as GDUs after planting (same as in 1998). 
The 0.76-m rows had a greater R:FR ratio at the 1250 GDU sampling date (Table 5 
and Figure 4). Though not significantly different at the other sampling dates the 
0.76-m plots had numerically higher R:FR ratio values than the 0.38-m plots. As in 
1998, both row widths had a sharp decline in the R:FR ratio between 586 and 997 
GDU sampling dates. 
94 
There were no significant differences in R:FR ratios for plant population by 
sampling date in 1999 (Table 5 and Figure 5). The 74 100 plants ha"1 plots tended 
to have numerically higher R:FR ratio values for all sampling dates compared to the 
93 860 plants ha"1 plots. 
Hybrid P3394 (erectophile leaf type) had significantly higher R.FR ratio than 
P3618 (planophile leaf type) for the 586 GDU sampling date (Table 5 and Figure 6). 
Though not significant, P3394 also had numerically higher R:FR ratios across all 
sampling dates when compared to P3618. 
Greatest R.FR ratio differences for row width, plant population, and hybrid 
were between 586 (V6, developmental stage) and 997 (V10) GDUs. These were 
the first two sampling dates. The difference between these two dates was 
significant when analyzed within row widths, plant populations, and hybrids (Table 
6). 
Discussion 
Row width did not show a significant grain yield response in either of the two 
years. In 1998 and 1999, there was an increase in the percentage barren plants as 
row width narrowed from 0.76-m to 0.38-m. Ear height increased as did stalk 
lodging for corn grown in 0.76-m plots compared to 0.38-m plots, in 1998 only. 
Modarres et al. (1998) also found that ear height and plant height increased with 
0.76-m rows compared to 0.38-m rows. The stalk lodging response is in contrast to 
95 
data reported by Nielsen (1988), where 0.38-m rows had greater stalk breakage 
(lodging) when compared to 0.76-m rows. Grain moisture, plant height, root lodging, 
and stalk diameter did not show a significant response for row width in our study. 
Karlen and Kasperbauer (1989) found no differences at V6 developmental stage for 
stalk diameter when com was grown in single-row or twin-row configurations. In five 
week old corn seedlings, Kasperbauer and Karlen (1994) did report decreases in 
stalk diameter as plant spacing decreased. Row width effects on the R:FR ratio 
were significant at one sampling date in each year, but the two years had opposite 
responses. The data does not support our hypothesis that 0.38-m rows will have a 
higher R:FR than a 0.76-m canopy. In both years the 0.76-m plots had a R:FR ratio 
that was equal to or greater than that of the 0.38-m plots before 1500 GDUs. The 
inter-row spacing in 0.76-m rows resulted in less mutual shading among rows and 
let more light penetrate into the inter-row space. This may be the reason for higher 
canopy ratio of R:FR in 0.76-m rows. 
Plant population had more of an impact on data collected than row width, 
Thelen et al. (1999) came to the same conclusion. Plant population did not have an 
impact on grain yield in the 1998 or 1999. In 1999, the 93 860 plant ha"1 plots had a 
significantly lower percentage of plants with harvestabie ears, greater plant and ear 
height, and smaller stalk diameter when compared to 74 100 plant ha1 plots. Jones 
et al. (1995) reported that stalk diameter decreased quadratically as plant population 
increased. Modarres et al. (1998) reported that com plant and ear height increased 
96 
as plant population increased from 65 000 plants ha1 to 130 000 plants ha1. It was 
suggested by Karlen and Kasperbauer (1987) that photosynthate is partitioned for 
stem elongation because of signals from the phytochrome system when low R.FR 
light ratios are sensed. Plant population effects on the R:FR ratio were significant 
for only one sampling date in 1998, but plant population effects were not significant 
in 1999. At all sampling dates in 1998 and 1999, the 93 860 plant ha1 plots had 
numerically lower R:FR ratio measurements. The data at least partly supported our 
hypothesis that a corn canopy with a more favorable R:FR ratio would produce 
plants with shorter plant height and thicker stalks. Ballare et al. (1987) reported that 
through the perception of R:FR light quality through phytochrome, a plant can detect 
early signs of oncoming competition and the amount of vegetative shading in its 
environment. 
In 1998 and 1999, P3394, erectophile leaf habit, had greater grain yields 
compared to the P3376 (used in 1998) and P3618 (used in 1999), both with 
planophile leaf habit. Hybrid P3376 and P3618 were included in this study as a 
contrast to P3394 for morphological traits, such as leaf angle, and these hybrids 
were known to have lower yield potential than 3394. In 1998 and 1999, P3394 had 
higher ear placement on the stalk compared to P3618. Hybrid effects on the R:FR 
ratio were significant for two sampling dates in 1998 and one sampling date in 1999. 
These occurred early in the development of the crop, 824 and 1176 GDUs post-
planting in 1998 and 586 GDUs post-planting in 1999. The erect-leaf hybrid, P3394, 
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had higher R:FR ratio for most sampling dates when compared to the horizontal 
leaf-type hybrids, P3376 and P3618 in 1998 and 1999. Our hypothesis stated that 
corn hybrids with erectophile leaf habits will have a higher plant canopy ratio of 
R:FR than hybrids with planophile leaf habits. These data suggest that canopy light 
quality is different for those hybrids that demonstrate upright leaf architecture 
compared to those with prostrate leaf architecture, at least early in the growing 
season. 
What is the variable canopy spectral data and grain yield response to row 
width telling us? Some thoughts are that factors other than cumulative light 
interception are probably limiting grain yield in many site-years. In some years, 
narrow rows do not result in a significant difference in cumulative light interception. 
The canopy may close earlier in the season, but other environmental factors (cloudy 
days, more growing degree days) allow for wide rows to catch up. Increasing plant 
population had a bigger impact on canopy spectral data, plant traits, and grain yield 
than row width. Farmers may want to consider adjustment in plant population to 
achieve higher grain yields instead of narrowing row widths in their cropping 
systems. 
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Table 1. Grain yield, grain moisture, barren plants, plant height, ear height, stalk lodging, and root lodging analysis 
of variance for row width, plant population, and corn hybrid at Ankeny, IA, 1998. 
Mean Square 
Grain Grain Barren Plant Ear Stalk Root 
Source df yield moisture plants height heiaht Lodaina Lodaina 
REP 3 2.07 138 3 0.012 0,005 13,50 2.36 
Plant population (POP) 1 1.48 504 1 0.001 0.019 8.00 0.78 
REP*POP 3 1.34 256* 7 0.004 0.006 12.33 3.61 
Row width (RW) 1 1.10 603 85* 0,008 0.052 t 15,13* 0.03 
POP*RW 1 0.56 1 18 0,010 0.009 0.13 3.78 
REP*POP*RW 6 1.28 318" 10 0,009 0.010 2.46 5,24 
Hybrid (HYB) 1 12.03 ** 95 85 ** 0.029 0.139 ** 72.00 ** 0.28 
POP*HYB 1 4.14 t 75 72* 0.001 0.015 4.50 7.03 
RW*HYB 1 0,04 1 13 0.003 0.007 3.13 11.28 
POP*RW*HYB 1 0.84 205 t 25 0.018 0.001 0.13 2.53 
Model 19 2.01 241 ** 201 0.009 0.017 10.27 3.95 
Error 12 1.10 55 9 0.012 0.015 6,02 4,11 
Corrected total 31 
C.V. (%) 11.7 3.5 58.9 4.9 12.6 130,8 282,2 
Mean 8,94 Mg ha1 209 g kg"1 5.1 % 2.18 m 0.97 m 1.9% 0.7 % 
*, and ** are significant at P = 0.05 and 0.01, respectively 
t are significant at P= 0.10. 
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Table 2. Red:far-red response for row width, plant population, and hybrid at various 
GDUs post-planting for Ankeny, lA, 1998. 
GDUs (post-planting) 
Source 824 1176 1307 1590 1982 
R:FR 
Row width 
0.38-m 0.671 f 0.404 0.354 0.412 0.372 a 
0.76-m 0.710 0.477 0.414 0.367 0.255 b 
Plant population 
64220 plants ha"1 0.727 0.460 0.393 0.403 0.387 a 
93860 plants ha"1 0.655 0.417 0.375 0.376 0.240 b 
Hybrid 
3376 0.638 b 0.382 b 0.343 0.394 0.315 
3394 0.744 a 0.500 a 0.425 0.385 0.313 
t Means with different letters within a column and group are significantly different at P< 0.05. 
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Table 3. Change in red:far-red response between sampling dates within row width, 
plant population and hybrid for Ankeny, IA, 1998. 
Source 824 
GDUs (post-planting) 
1176 1307 1590 
Row width 
0.38-m 
GDUs 
1176 
1307 
1590 
1982 
ns 
ns 
ns 
ns 
ns ns 
0.76-m 1176 
1307 
1590 
1982 
ns 
ns 
Plant population 
64220 plants ha"1 1176 
1307 
1590 
1982 
ns 
ns 
ns 
ns 
ns ns 
93860 plants ha -1 1176 
1307 
1590 
1982 
ns 
ns ns 
Hybrid 
3376 1176 
1307 
1590 
1982 
ns 
ns 
ns 
ns 
ns ns 
3394 1176 
1307 
1590 
1982 
ns 
ns 
ns 
*, and ** are significant at P = 0.05 and 0.01, respectively. 
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Figure 1. Red:far-red mid-canopy spectral response for 0.38- and 0.76-m row 
widths at various GDUs post-planting at Ankeny, IA, 1998. * designates 
signficance at the 0.05 probability level within each GDU value. Bars 
indicate the standard error of the mean. 
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Figure 2. Red:far-red mid-canopy spectral response for 64 220 and 93 860 plant 
ha"1 plant populations at various GDUs post-planting at Ankeny, IA, 1998. 
* designates signficance at the 0.05 probability level within each GDU 
value. Bars indicate the standard error of the mean. 
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Figure 3. Red:far-red mid-canopy spectral response for P3376 and P3394 corn 
hybrids at various GDUs post-planting atAnkeny, IA, 1998. * designates 
signficance at the 0.05 probability level within each GDU value. Bars 
indicate the standard error of the mean. 
Table 4. Grain yield, grain moisture, barren plants, plants with ears, plant height, ear height, stalk lodging, and stalk 
diameter analysis of variance for hybrid, row width, and plant population at Johnston, IA, 1999. 
Mean Square 
Grain Grain Barren Plants Plant Ear Stalk Stalk 
Source df vield moisture plants w / ears heiqht heiqht Lodaino diameter 
REP 2 0.97 1005 88 71 0.001 0.017 0.541 14.00 " 
Hybrid (HYB) 1 237.17* 187 1162 t 384 0.010 0.2131 0.042 0.17 
REP*HYB 2 9.80* 125 81 70 0,012 0.012 1.5421 4.67 ** 
Row width (RW) 1 9.10 5 70* 3 0.001 0.003 0.042 0.67 
HYB*RW 1 0.43 2 40 33 0.001 0.017 2.042 0.01 
REP*HYB*RW 4 1.89 123 9 68 0.007 0,005 1.042 5.83 ** 
Plant population (POP) 1 3.12 900 45 140* 0.085 * 0,070 ** 0.375 16,67 ** 
HYB*POP 1 10.041 70 77 204* 0,016 0.001 0.375 0.01 
RW*POP 1 0.08 495 63 104 t 0.001 0.004 0,375 0.58 
HYB*RW*POP 1 0.66 630 26 74 0.003 0.001 0.375 0.58 
Model 15 18.91 ** 336 124 t 100* 0.012 0.026 * 0.797 5.23 " 
Error 8 2,09 604 39 207 0.015 0.006 0.375 0.50 
Corrected total 23 
C.V. (%) 17.2 8.5 70.8 47.7 4.3 6.9 209,9 3.8 
Mean 8.41 Mg ha'1 290 g kg1 8.9 % 89% 2.84 m 1,12 m 0,3 % 18.8 mm 
*, and ** are significant at P = 0.05 and 0.01, respectively, 
t are significant at P= 0.10. 
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Table 5. Red:far-red response to row width, plant population, and hybrid at various 
GDUs post-planting for Johnston, lA, 1999. 
GDUs (post-planting) 
Source 586 997 1250 1462 
R:FR 
Row width 
0.38-m 0.565 f 0.262 0.253 b 0.380 
0.76-m 0.596 0.337 0.365 a 0.446 
Plant population 
74100 plants ha"1 0.600 0.338 0.362 0.464 
93860 plants ha"1 0.560 0.264 0.256 0.360 
Hybrid 
3618 0.513 b 0.256 0.269 0.392 
3394 0.645 a 0.343 0.650 0.433 
f Means with different letters within a column and group are significantly different at P> 0.05. 
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Table 6. Change in red:far-red response between sampling dates within row width, 
plant population, and hybrid for Johnston, IA, 1999. 
Source 586 
GDUs ( post-planting) 
997 1250 
Row width 
0.38-m 
GDUs 
997 
1250 
1462 
ns 
0.76-m 997 
1250 
1462 
ns 
ns ns 
Plant population 
74100 plants ha"' 997 
1250 
1462 
ns 
ns 
93860 plants ha"1 997 
1250 
1462 
ns 
ns ns 
Hybrid 
3618 997 
1250 
1462 
ns 
ns ns 
3394 997 
1250 
1462 
ns 
*, and ** are significant at P = 0.05 and 0.01, respectively. 
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Figure 4. Red:far-red mid-canopy spectral response for 0.38- and 0.76-m row 
widths at various GDUs post-planting at Johnston, IA, 1999. * designates 
signficance at the 0.05 probability level within each GDU value. Bars 
indicate the standard error of the mean. 
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Figure 5. Red:far-red mid-canopy spectral response for 74 100 and 93 860 plant 
ha"1 plant populations at various GDUs post-planting at Johnston, IA, 
1999. * designates signficance at the 0.05 probability level within each 
GDU value. Bars indicate the standard error of the mean. 
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Figure 6. Red:far-red mid-canopy spectral response for P3618 and P3394 corn 
hybrids at various GDUs post-planting at Johnston, IA, 1999. 
* designates signficance at the 0.05 probability level within each GDU 
value. Bars indicate the standard error of the mean. 
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CHAPTER 5 
GENERAL CONCLUSIONS 
These results show that corn response to narrowing row widths from 0.76-m 
to 0.38-m has varying responses for grain yield and grain moisture. There is a trend 
for more consistent grain yield increases for corn grown in narrow rows and at higher 
plant populations in the NW region. Porter et al. (1997) showed similar results with 
narrow rows, except in one year where yield levels were limited by climatic 
conditions. Increased grain yields were reported in the central Corn Belt for 0.38-m 
row widths compared to 0.76-m row widths (Bullock et al., 1988; Nielsen, 1988). 
Famham (2001) found that 0.76-m row widths had greater grain yields when 
compared to 0.38-m row widths. 
By year-within region, optimum plant populations showed a similar response 
for 0.38- and 0.76-m row widths (lack of row width x plant population interaction in 
the analysis of variance). Lack of response between plant populations and row 
widths was also reported by Nielsen (1988), Westgate et al. (1997), Porter et al. 
(1997) at two of three locations, and Famham (2001). 
Hybrids included in this study had varying relative maturity and plant 
architecture (leaf angle, leaf area, plant height, ear height). Across all regions, the 
results suggest that hybrids normally grown in 0.76-m rows can be grown in 0.38-m 
rows with similar success. Previous studies have reported similar hybrid response 
to row width (Porter et al., 1997; Bullock et al., 1988, Nielsen, 1988; Modarres et al., 
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1998). Famham (2001) reported that two of six hybrids did respond differently when 
planted in narrow rows. 
Researchers have hypothesized as to why com may respond with higher 
grain yields in narrow rows or equidistant plant spacing. In narrow rows, plants 
within rows are more widely spaced which decreases intrarow plant competition 
(Karlen et. al., 1987). Also the potential for a more uniform distribution of light in 
narrow rows may reduce the potential for upper leaves to become radiation 
saturated, and for lower leaves to be radiation deprived (Ottman and Welch, 1989). 
Lastly, more uniform root distribution in narrow rows may reduce competition for 
water and nutrients (Duncan, 1984). 
In the second study, we attempted to understand the grain yield, physiological 
trait and canopy spectral relationships between normal (0.76-m) and narrow (0.38-
m) row widths, average (64 220 and 74 100 plants ha"1) and high (93 860 plants 
ha"1) plant populations and corn hybrids with contrasting phenotypic characteristics. 
Row width did not show a significant grain yield response in either of the two 
years. In 1998 and 1999, there was an increase in the percentage barren plants as 
row width narrowed from 0.76-m to 0.38-m. Ear height increased as did stalk 
lodging for corn grown in 0.76-m plots compared with 0.38-m plots, in 1998 only. 
The stalk lodging response is in contrast to data reported by Nielsen (1988), where 
0.38-m rows had greater stalk breakage (lodging) when compared with 0.76-m rows. 
Modarres et al. (1998) found similar results where ear height (and plant height) 
increased with 0.76-m rows compared to 0.38-m rows. Grain moisture, plant height, 
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root lodging, and stalk diameter did not show a significant response for row width in 
this study. Karlen and Kasperbauer (1989) found no differences at V6 
developmental stage for stalk diameter when corn was grown in single-row or twin-
row configurations. In five week old com seedlings, Kasperbauer and Karlen (1994) 
did report decreases in stalk diameter as plant spacing decreased from 0.6 x 0.6-m 
to 0.3 x 0.3-m configuration. Row width effects on the R:FR ratio was significant at 
one sampling date in each year. There was a trend for 0.76-m plots to have a higher 
R:FR ratio compared with 0.38-m plots across sampling dates. 
Plant population did not have an impact on grain yield in the 1998 or 1999. In 
1999, the 93 860 plants ha"1 plots had significantly fewer plants with harvestable 
ears, increased plant and ear height, and decreased stalk diameter when compared 
with 74 100 plant ha"1 plots. Jones et al. (1995) reported that stalk diameter 
decreased quadratically as plant population increased. Com plant and ear height 
increased as plant population increased from 65 000 plants ha"1 to 130 000 plants 
ha"1 as reported by Modarres et al. (1998). It was suggested by Karlen et al. (1987) 
that photosynthate is partitioned for stem elongation through its phytochrome system 
when low R:FR light ratios are sensed. Plant population effects on the R:FR ratio 
was significant for one sampling date in 1998. At all sampling dates in 1998 and 
1999, the 93 860 plant ha"1 plots had lower R:FR ratio measurements. Ballare et al. 
(1987) reported that via the perception of R:FR light quality through phytochrome, a 
plant can detect early signs of oncoming competition and the amount of vegetative 
shading in its environment. 
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In 1998 and 1999, P3394 had increased grain yields compared to the P3376 
(used in 1998) and P3618 (used in 1999). Hybrid P3376 and P3618 were included 
in this study as a contrast to P3394 for morphological traits, such as leaf angle, not 
for comparative grain yields to P3394. In 1998 and 1999, P3394 had higher ear 
placement on the stalk compared to P3618. Hybrid response for R:FR ratio was 
significant for two sampling dates in 1998 and one sampling date in 1999. These 
occurred early in the developmental stages of the crop, 824 and 1176 GDUs post-
planting in 1998 and 586 GDUs post-planting in 1999. The erect-leaf hybrid, P3394, 
had higher R:FR ratio for most sampling dates when compared to the horizontal leaf-
type hybrids, P3376 and P3618 in 1998 and 1999. These data suggest that canopy 
light quality is different for those hybrids that demonstrate upright leaf architecture 
compared to those with prostrate leaf architecture. 
Farmers need to consider the following with regards to planting corn in narrow 
rows (less than 0.76-m): narrow rows have potential to improve grain yields if other 
factors (moisture, nutrients, disease, and insect control) are not limiting, high plant 
populations (> 75 000 plants ha"1) may be more important than narrow rows in high 
yield environments, and there is no evidence that one hybrid is better in narrow rows 
than another. Yield gains from growing com in narrow rows must be large enough 
and consistent enough to justify the cost of equipment and management changes; 
these include replacing rims and tires on tractors and combines, new planter or 
modifications to an existing one, modifications to combine head, and the potential for 
increased starter fertilizer and soil insecticide costs (these are applied on a linear 
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row basis and there will be twice as many 0.38-m rows in the same unit area as 
0.76-m rows). Thus, the potential of a favorable economic outcome from converting 
to narrow rows depends on the cost of the conversion, the geographic region, 
number of corn acres, com yield, and price. 
What is the variable canopy spectral data and grain yield response to row 
width telling us? Some thoughts are that factors other than cumulative light 
interception are probably limiting grain yield in many site-years. In some years, 
narrow rows do not result in a significant difference in cumulative light interception. 
The canopy may close earlier in the season, but other environmental factors (cloudy 
days, more growing degree days) allow for wide rows to catch up. Increasing plant 
population had a bigger impact on canopy spectral data, plant traits, and grain yield 
than row width. Farmers may want to consider adjustment in plant population to 
achieve higher grain yields instead of narrowing row widths in their cropping 
systems. 
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